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INTRODUCTION 


Continuous progress in petroleum processing and petro- 
chemical industries in the USSR calls for new plants to be 
put into service and those in operation to be enlarged. The 
automation of industrial processes is to be raised to new 
heights in the near future. Particular attention will be given 
to the improvement of the final product quality. 

Each year the instrument-making industry and plants 
of specialized analytical instrumentation turn out in incre- 
asing numbers new instruménts and analyzers, and redesign 
the models series-produced at present with a view to making 
the process control instrumentation more comprehensive 
and improving process-stream analysis and control. 

Every effort is being made by the research laboratories 
and institutes of the industries that the latest developments 
in science and technology be in no time put to use. 

Characteristic of the present stage of automation progress 
in the petroleum processing and petro-chemical industries 
is the complete automation of the industrial processes, the 
use of the commercial on-stream quality analyzers, the 
automation of the laboratory analysis on the basis of semi- 
automatic analyzers and means for data acquisition and re- 
duction, and transmission of information to the process 
operator’s desk or computer. 

Besides the scheduled maintenance of the equipment, the 
instrumentation and control personnel carry out substantial 
work for the development and introduction of new automatic 
measurement and control schemes for process units and 
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installations. This is why, along with the specifications of 
instruments, analyzers, regulators, transducers, etc., used 
in petroleum processing and petro-chemical industries, 
the manual covers some concepts relating to metrology, reli- 
ability parameters, gives a guide to selecting the appropriate 
control elements and discusses the characteristics of a uni- . 
fied system of commercial pneumonics. It presents informa- 
tion about the explosion protection of instruments and gives 
recommendations on the repair and mounting of some instru- 
ments and analyzers. 


CHAPTER ONE 


METROLOGY. BASIC CONCEPTS 


Metrology is the science of units, methods and means of mea- 
surement. It tackles such problems as the establishment and 
reproduction of units of measurement in the form of standards, 
and the development of measuring methods and means. 

Metrology is also concerned with establishing the ways of 
transfer of a unit size from a primary or absolute standard 
to a product through a series of standards of other classes. 
The traceability of measures is obtained in this way. 

One of the main problems in metrology is checking the 
accuracy of actual measures and measuring instruments and 
testing them for reliable operation. 


1.1. Measurement and Its Types. Error 


Measurement is a comparison of a given quantity with one 
of its values adopted as a unit. 

The number expressing the ratio of the measured quanti- 
ty to a unit of measurement is called the numerical value of 
the measured quantity; it may be an integer or a fraction, 
but is always an abstract number. 

The result of any measurement is a concrete number con- 
sisting of a unit of measurement, having its particular name, 
and a number which shows how many times this particular 
unit is contained in the quantity being measured. 

Units of measurement cannot be abstract notions adop- 
ted but formally by some legal act, they should take a con- 
crete form of standards. The unit of measurement must be 
reproducible in a real form to a maximum degree of accuracy 
and perfection as an absolute standard. 

Only some physical quantities, such as time intervals, 
temperature, electric current, etc., can be measured directly. 

If the sought value of a quantity is found by comparing 
it with actual measures or by reading an instrument calibra- 
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ted in the adopted units of measurement, such a measure- 
ment is called direct. 

When the sought value of a quantity is inferred from the 
results of the direct measurements of other quantities related 
to the sought quantity by a certain definite functional rela- 
tion, it is said to be indirectly measured. 

In practice, one often needs to find the dependence of one 
quantity on others, as on time, temperature, pressure, con- 
centration, etc., which are functionally related to the sought 
quantity. 

A measurement, however thorough, is subject to an error 
which distorts the result of measurement to a lesser or grea- 
ter extent. In practical industrial measurements, an accura- 
cy is considered to be satisfactory if the error does not fall 
outside the limits stated in the standards and specifications 
for a given measuring method. 

Errors of measurement can be classed into unbiased or 
random, biased or systematic, and blunders. 

Class of accuracy of a measuring instrument is designated 
by a number which is the upper limit of error of the instru- 
ment used under normal operating conditions. 

All measuring instruments fall into the following clas- 
ses of accuracy: 0.2, 0.5, 1,5, 2.5, 4. Commonly used at 
present are instruments of classes 0.5, 1, 1.5. Instruments 
of classes 2.5 and 4 are used more seldom because their rela- 
tively low accuracy does not comply with the stringent 
requirements of the present-day technology. 


1.2. Metrology Terms and Definitions 


Calibration is (1) the operation of making an adjustment or 
marking a scale so that the reading of an instrument con- 
forms to an accepted standard, or (2) the checking of readings 
by comparison with a primary standard. 

Limits of the instrument range (maximum and minimum 
readings) are the values of the quantity being measured which 
correspond to the lower end mark of the scale (lower limit) 
and to the upper end mark of the scale (upper limit). 

Constant of a measuring instrument is the coefficient by 
which the result of measurement must be multiplied to ob- 
tain the true value of the measured quantity. 
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Scale division value is the value of the measured quantity 
corresponding to the interval between two consecutive scale 
marks. ‘i 

Correction is a quantity which is to be added algebraical- 
ly.to the indicated value to obtain the true value of the quan- 
tity being measured. 

Sensitivity of a measuring instrument is the ratio of the 
linear or angular displacement of the instrument index to 
the corresponding change in the measured quantity which has 
caused this displacement. 

Threshold sensitivity of a measuring instrument is the lowest 
level of the measured quantity which produces effective 
response of the instrument. 

A characteristic of a measuring instrument also adopted 
in the Soviet metrological practice is the experimentally 
found maximum difference between the repetitive readings 
of an instrument corresponding to the same value of the 
measured quantity under identical environmental condi- 
tions. 

A term adopted in Britain and the USA, which conveys 
a similar notion but is expressed as a percentage of the full- 
scale value is repeatability. 


1.3. Metrological Inspection 


USSR State Standard (GOST 8.002-71) states the main prin- 
ciples of metrological inspection of measuring means and 
instruments being produced, repaired, imported or currently 
in use in the country. 

Metrological inspection has the following aims in view: 

ensuring uniform and authentic measurements in the 
country; 

systematically improving the stock of the measuring means 
by introducing modern instrumentation to keep pace with 
accelerated advances in science and technology and with the 
growing demands for effectiveness in research and industry; 

keeping measuring means in adequate condition for 
operation. 

Measuring means are allowed for use if they have been 
found fit for service by the results of metrological inspection 
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carried out in conformity with the requirements stated in 
the pertinent State Standard. 

Metrological inspection includes calibration of'.the mea- 
suring means, metrological check-up"and metrological exa- 
mination. 

Measuring means are not allowed for use if during cali- 
bration tests, inspection, or examination they are found 
faulty, damaged, or not calibrated in good time. 

Metrological inspection is the responsibility. of the uni- 
fied metrological service of the country, supervised by the 
State Committee for Standards of the USSR Council of 
Ministers (USSR Gosstandard). The metrvivgical service 
consists of the state metrological service of the USSR Gos- 
standard and departmental services of the ministries and 
departments. 

The main task of the departmental metrological services 
is to secure uniformity and authenticity of measurements in 
the relevant branches of industry by ensuring that the requi- 
rements be observed set forth in the technical specification 
documents of the uniformity-of-measurements ensurance 
system (GSI). GOST 8.002-71 lists the working measuring 
means to be put to state calibration tests, and states the 
frequency of calibration for the reference measuring means. 
Thus, fluid flowmeters (for liquids, vapour and gas), inclu- 
ding customers’ charge meters, are checked once a year, oil 
and petroleum product meters once every two years, pres- 
sure gauges (indicating, recording, remote-indicating, those 
for accident prevention) once a year. The frequency of calib- 
ration for gas analyzers is established by the local organiza- 
tions of the USSR State Committee for Standards. 


1.4. Reliability of Instrumentation 
and Automatic Control Means 


Organization of the large-scale collection of statistics on the 
instrument performance under actual operating conditions 
and also the development of measuring instruments and devi- 
ces of good reliability margins are among the main conditions 
for solving the reliability problem. The reliability statistics 
make it possible to assess the actual level of product reli- 
ability, to specify precisely the reliability requirements and 
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rules, to reveal the causes and consequences of failures, and 
to solve a number of other practical problems of reliability 
enhancement. The personnel that operate the equipment and 
collect the statistical data are in the main responsible for 
providing adequate solutions to the above problems. 

Given below are methods for collecting and processing 
the statistical data on failures, 

Reliability is the property of asystem or item conditioned 
by its trouble-free performance, durability and maintaina- 
bility, and ensuring that the system (item) will perform 
required functions ‘without failure. 

Trouble-free performance is the ability of a system or item 
to continuously perform its function without failure under 
stated conditions. 

Durability is the ability of a system or item to perform 
its function under stated conditions over a long period of 
time (with possible interruptions for repair) up to a failure 
or any other critical state. 

Maintainability is the ability of a system or item to be 
so adapted that its satisfactory service can be restored and 
life expectancy maintained by preventing, locating and 
eliminating troubles and failures. 

Trouble-free operation is quantitatively evaluated as the 
probability of the trouble-free operation or by the indirect 
probability indices, such as failure rate, time of an instru- 
ment continuous operation before the first failure, etc. 

Durability is quantitatively evaluated as the life time. 

Maintainability is quantitatively evaluated as the time 
required to restore the proper functioning of a system or item, 
which in turn is defined by the amount of labour and money 
expended on preventing, locating and eliminating troubles 
and failures, with the skill of the maintenance personnel and 
the level of tooling and repair system taken into considera- 
tion. 

Thus, reliability is an indispensable quality index of any 
engineering product. If a product is not reliable enough, the 
practical significance of the rest of the quality indices decrea- 
ses because they cannot be fully utilized in operation. 

Improved reliability of a component or system depends 
upon the efforts of many groups of people at various stages 
of its conception, design, manufacture, and operation. The 
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reliability of an item is built into its design, assured during 
its manufacture and maintained during its use. 

In the course of operation, the characteristics of a product 
may vary depending on the operating conditions and skill 
of the service and maintenance personnel. 

To be of use the information about the instrument per- 
formance should meet a number of requirements. The main 
of them are as follows. 

Credibility of data. With any system of collecting and 
processing the reliability data, they may be used to advan- 
tage only if they are strictly authentic and free of individual 
mistakes. The data credibility depends on the skill of the 
personnel engaged in its collection, as well as on the quality 
of the system of its acquisition and handling. 

Completeness of information. The data on performance and 
functional faults of items must be sufficiently complete, 
contain all the information necessary to assess and analyze 
the reliability and durability of a product as a whole and 
all its units and components. 

The information should reflect the mode and conditions of 
the product operation. In evaluating the reliability and du- 
rability of a product, it is desirable to take into considerati- 
on the skill of the operators, the degree of adherence to the 
rules of the product storage, transportation and operation, 
and the quality of the service materials used. 

Continuity of information. The information on reliability 
may be contained in a number of documents: in reports on 
various tests, check records, in the reports on the product 
performance and failures during operation, and so on. 

The principal disadvantage of the modern practice of 
studying the product reliability is that the data obtained 
at various stages of its design and operation are not processed 
simultaneously. As a result, a considerable portion of valu- 
able information is wasted, and a comprehensive evaluation 
of the reliability is hindered. Therefore, one of the main 
requirements that a system of recording, collecting and pro- 
cessing the reliability data should meet is the provision of 
a continuous flow of authentic data on the performance and 
failures of a product. 

Uniformity of the report forms. For related groups of items 
operating in similar conditions, the report forms must be 
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uniform. This enables comparable data to be obtained on 
the reliability of various typeseof instruments. Moreover, 
uniform recording makes possible automatic data processing. 

The method of obtaining information from registration 
logs of inspections, repairs and preventive maintenance jobs 
may be made use of only when all the other information 
sources are unavailable. 

As regards the degree of interdependence, all product fau- 
lts can be classed into independent and dependent, that is tho- 
se that have occurred independently and those which are 
due to the faults having appeared earlier or concurrently 
with them. Only principal independent faults (failures) are 
registered. However, failures whose causes have not been 
revealed cannot be disregarded. 

The source material for calculating the quality indices of 
reliability is the statistical array which presents, in order 
of increasing magnitude, the data on the total service time 
of an item before each consecutive registered failure. 

From the data on the report cards and by the results of 
their processing, an engineering analysis of reliability is 
made; it includes analysis of the general reliability of a 
product and of its units and components. The analysis 
allows the following problems to be solved: 

(1) to assess actual reliability of products and their units, 
and set up, on the basis of this assessment, the reasonable 
reliability requirements for the products being develo- 
ped; 

(2) to reveal the most weak components and units of an 
item and give recommendations on their replacement or 
further perfection; 

(3) to investigate the causes of failures (low quality of 
components, mistakes of the design engineers, errors intro- 
duced during manufacture or operation); 

(4) to determine the optimum time of ‘training’ (running- 
in) of an item, because the rate of component failures of any 
item at the initial stage of its service is much greater than 
in further operation; 

(5) to develop a sound scheme of preventive inspections 
and repairs, and also scheduled maintenance; 

(6) to give recommendations on the use of various items 
or components in different operational conditions on the 
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basis of the remarks and proposals entered by operation 
engineers into the cards of failures and faults; 

(7) to define the optimum amount and the list of the re- 
quired spare parts. 


1.5. Laboratory Calibration and Testing 
of Instruments 


As has been defined above, calibration includes the opera- 
tion of marking a scale and assigning to the scale graduations 
a series of values in terms of the given measurement. All the 
newly manufactured gauges and instruments fitted with 
scales are calibrated. After an instrument has been repaired 
it also needs calibration, because dismantling and small 
changes in the measuring unit parts may change its beha- 
viour pattern. In this case the scale is marked anew. After 
a routine repair made without dismantling of the measuring 
unit and also in the absence of any noticeable physical defects 
on the scale, it is usually not recalibrated. 

Proceeding to the calibration of an instrument, the loca- 
tions of the extreme marks on the scale are first found. If the 
original scale is preserved, its graduations should be made 
use of. If an instrument is calibrated anew, the range of the 
scale is first established and adjusted. The zero and top 
marks are located symmetric about the centre of the scale 
base and transparent member. 

Consider as an example the procedure of marking the sca- 
le of a millivoltmeter.The repaired instrument is connected to 
a source of controlled voltage, and the top and bottom gra- 
duations are marked. The zero mark is made with the source 
disconnected. A dot or a dash directed along the pointer is 
marked with a sharp pencil against the pointer tip. The pen- 
cil must not be pressed too strongly for the marks to be 
easily erasable after the scale marking is over. The distance 
between the zero mark and the screw fastening the scale is 
measured with dividers and then laid off from the opposite 
screw to mark the top scale graduation. This procedure 
ensures symmetric location of the zero and full-scale deflec- 
tion marks. 

Then the voltage being measured is applied, and_ the 
instrument is adjusted by a shunt or series resistor so that 
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at the full-scale deflection of the pointer the voltage cor- 
responds to the required limit of measurement. The voltage 
is measured with a reference instfument connected in paral- 
lel with the calibrated one. By gradually decreasing the 
voltage the nominal calibration values are established by 
the reference instrument, and the corresponding marks are 
made by a pencil against the pointer tip. Having applied 
the zero mark, the instrument is de-energized and the poin- 
ter is checked for the correct return to the zero position. 
Thereafter the voltage is gradually increased and the marks 
corresponding to the same nominal values are applied 
again. If the instrument repeatability is within acceptable 
limits, these marks almost coincide with the original,ones. 
The final scale graduations are applied between the marks 
made during the two transits of the pointer in both directi- 
ons. In doing so the instrument error due to nonrepeatability 
is reduced. Marking is simultaneously made with the aid of 
the pointer to determine the centre of the arc over which 
the scale graduations are located. 

The cover or the transparent part of the instrument must 
be removed to mark the scale, therefore the pointer is greatly 
influenced by the movement of the ambient air. To avoid 
considerable error due to the pointer swing from the positi- 
on of equilibrium, the following practical method is resor- 
ted to: the transparent part is not removed and the position 
of the pointer is noted by some slightest signs on the scale 
base. The marks are then applied against them. 

Instrument calibration with the case removed is not 
allowed, particularly the calibration of instruments in which 
it acts as a screen for the electrical system. 

After the scale has been marked off, the instrument is tes- 
ted. Calibration test of the new, currently used, or repaired 
pointer-type electrical instruments includes examination of 
the instrument, testing of the insulation, determination of 
the moving element damping time, checking of the moving 
element for equilibrium, as well as calibration by comparing 
the instrument readings with the standards or standard 
instruments. Depending on the type of the instrument, cali- 
bration test may include some other procedures, though 
determination of the reading error is obligatory with all 
kinds of instruments. 
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When examining an instrument, it must be made sure that 
the case packing is reliable, there are no cracks on the trans- 
parent member or defects on the scale, that the correcting 
element and terminals are in working order. By tilting the 
instrument to different sides, it must be made sure that there 
are no foreign objects or poorly fixed parts inside the case. 
Only after such an examination, the instrument is considered 
fit for further calibration procedure. 

The scale of an instrument must bear the manufacturer’s 
mark, the number mark, the name of the instrument or sym- 
bol of the quantity it measures, class of accuracy, test volta- 
ge, the symbol indicating the instrument system and type of 
current. For each instrument type the symbols are specified 
in the relevant USSR State Standards. 

Insulation is tested as a rule by an alternating current. 
Voltage is gradually increased up to a required value and is 
maintained at this maximum level for one minute. Most elec- 
trical measuring instruments are tested for a voltage of 
2000 V. 

The damping time of the moving element of electrical me- 
asuring instruments is determined as follows. The instrument 
pointer is brought to the middle of the scale by varying cur- 
rent or voltage. The instrument is de-energized and is again 
energized with the adjustment means remaining in the same 
position. Meanwhile the pointer movement is closely obser- 
ved. The pointer movement is aperiodic if it does not go over 
the mark when indicating the required value, and it is 
oscillatory if the pointer comes to rest after a few oscillati- 
ons about the mark. 

To measure the damping time, a stop-watch is started at 
the moment the instrument is energized. In the case of an 
instrument with aperiodic movement of the pointer, the 
damping time is the time interval from the moment the 
instrument is energized to the moment the instrument point- 
er reaches position within 1% the scale length of the rest 
position. With an oscillatory movement of the pointer, the 
damping time is counted from the moment of energizing 
the instrument to the moment of the last swing of the poin- 
ter from the rest position through 1% of the scale length. 
Instruments with zero-centre scales are checked for damping 
time by disconnecting and not connecting the voltage 
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supply. In this case the instrument pointer is first set at 
the maximum scale mark, whereas the pointer oscillations 
are observed at the zero mark.* 

When the moving element of an instrument is checked for 
equilibrium the instrument is set at some reading in the 
middle portion of the scale. Then the instrument is tilted to 
four sides in turn through an angle of about 5°, and its error 
is determined with respect to a scale mark selected in advan- 
ce. The found value of the measured quantity is checked 
against a reference instrument. The complementary error 
due to unbalance is 

y= te x 100% 


‘m 


where y = complementary error, % 
FA, = error due to tilting the instrument 
A, = error in the normal position of the instrument 
Am = upper limit of the instrument range 

The complementary error due to unbalance of the moving 
element shall not exceed the basic allowable error. 

If an instrument is accepted as good at all the above pre- 
liminary stages, the basic indication error is then determined. 
As with marking a scale, the basic error is determined at 
forward and reverse transits of the pointer. The pointer is 
precisely set at the scale graduations being checked. The 
difference between the readings of the calibrated and stan- 
dard instruments at each point is called the absolute error. 
The basic reduced error of each measurement is equal to the 
relation of the absolute error to the upper limit of measu- 
rement: 


$= Acar x 100% 
m 


where 6 = basic error 

A = reading of the calibrated instrument in terms of 

the measured quantity 
A; = true value of the measured quantity read off 

a standard instrument 
A, = upper limit of the calibrated instrument range 
The instrument is considered good if the basic error does 
not exceed the error allowable for the given class of accuracy. 
In addition to calculating the basic error, it is sometimes 
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necessary to determine corrections. The correction has the 
same numerical value as the error, but the opposite sign. If 
the instrument reading is greater than the true value of the 
measured quantity, the correction will be a negative quanti- 
ty; if it is less than the true value it will be a positive quan- 
tity. The record of corrections in the report on instrument 
checking is given below by way of example. 


Readings of the checked instrument in 


scale divisions ........24.. 30.0 40.0 50.0 60.0 
Readings of the referencce instrument in 

scale divisions .........4. 29.5 40.2 50.0 60.4 
Correction in scale divisions ..... —0.5 40.2 0.0 +0.4 


Calibration techniques, measuring schemes and lists of 
the recommended standard instruments are given in detail 
in the instructions issued by the State Committee for Stan- 
dards of the USSR Council of Ministers. All the personnel en- 
gaged in the maintenance, calibration and checking of the 
instruments in laboratories and shops of instrumentation 
and automation must follow these instructions. 


1.6. Technical Documents on Measuring Instruments 


An instrument that has passed the tests must bear a brand 
or a seal. When a combination of a transducer and secondary 
instrument is calibrated, the brand is applied to the secon- 
dary instrument. A brand or a seal certifies that the instru- 
ment is fit for operation during the specified period of time. 
After State calibration tests, certificates are issued for re- 
ference and setting standards and also measuring instrumen- 
ts and actual measures, which confirm that their use is legi- 
timate. The certificates include the reports on calibration of 
the given actual measure or instrument against the basic 
standard instruments of the State Committee for Standards. 
Numerical values of the errors at each point of measurement 
or the maximum basic error are cited in the report. 

At the departmental inspection station, each instrument 
must have a permanent certificate which gives picture of its 
performance during the entire life. All data pertaining to‘in- 
stallation of the instrument, instructions on the adjustment 
and upkeep, wiring diagrams and information about repairs 
and checks are entered into the certificate, 
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Each time an instrument is calibrated, the conditions of 
the calibration test and the numerical values of the results 
at each point are reported, along with the corrections made 
with reference to the readings of the standard instruments. 


CHAPTER TWO 


INSTRUMENTS FOR MEASUREMENT 
AND CONTROL OF PRESSURES ABOVE 


AND BELOW ATMOSPHERIC 
(PRESSURE AND VACUUM} 


The number of pressure gauges in service at the petroleum 
processing and petro-chemical plants considerably exceeds 


the number of instruments of 
other kinds. 

Industrial pressure gauges 
which rely on the deformation of 
pressure sensing elements are cla- 
sed by the type of the pressure 
element into those with a one- 
turn tubular spring (bourdon tu- 
be), with a spiral tubular spring, 
a multiturn (helical) tubular 
spring and bellows-element ins- 
truments. 

Used as commercial indicating 
pressure gauges are mainly inst- 
ruments with a one-turn bourdon 
tube (Fig. 1). The recording pres- 
sure gauges use more often spiral, 
bellows-type and helical springs 
designed for definite pressure 
ranges of the source of measu- 
rement. 

The choice of material for the 
pressure sensing element is dic- 
tated by, the physical properties 


Pressure 


Fig. 1. Deformation-type 
pressure gauge with a one- 
turn tubular spring 
1—tubular spring; 2—pointer; 
3—pinion; 4—sector; 5—link; 
6—pivot connection 


and nature of the medium under measurement (presence or 
absence of fluctuations). The pressure-element material must 
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be free of hysteresis (sensitivity variation) and preserve for 
a long time its elastic qualities at high pressures. Phosphor 
and beryllium bronze and also stainless steel are commonly 
used as pressure-element materials. 


2.1. Pressure Gauges, Vacuum Gauges, 
and Compound Pressure and Vacuum Gauges 


Reference pressure gauges and vacuum gauges, Types MO 
and VO, are used for the calibration of working pressure 
gauges. The instruments produced under USSR technical 


25C dia 


510 (max) 
1865 


Fig. 2. Overall sizes of the MO and VO instruments of accuracy clas- 
ses 0.16 and 0.25 ‘ 


specifications TU 03-547-66 are of accuracy class 0.4. The 
scale contains 100 arbitrary units, the scale division is 0.5 of 
the arbitrary unit. The instruments are designed for use at 
the ambient temperature 20 + 5°C. For the attachment to 
the gauge being checked, the instruments are provided with 
radial connectors with M20 x 1.5 thread. The mass of the 
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instrument is not more than 0.2 kg. Commercially available 
are standard, export and tropical modifications. 

Produced under TU 25-07-2@6-67 are MO and VO gauges 
of accuracy classes 0.16 and 0.25 with the scale division 0.2 of 
the arbitrary unit. They are designed for use at ambient tem- 
peratures from 10 to 35°C. The mass of the gauges is not over 
0.6 kg. They are available only in a standard version. The 
overall dimensions of the gauges are given in Fig. 2. The 
ranges of the reference pressure gauges and vacuum gauges 
are listed in Table 1. 


Table J 
Ranges of Types MO and VO Gauges 
Type and in Pa in kgt/cm? 
MO 1215 9.8x 104; 15.8 x 104; 1; 1.6; 2.5; 4 
24.5 x 104; 39 x 104 
MO 1213 59 x 104; 98 x 104; 6; 10; 16; 25 
159 x 104; 245 x 104 
MO 1234 392 x 104; 588 x 104; 40; 60; 100; 160; 400; 
980 x 104; 1580 x 104; 600 
39.2 x 108; 58.8 x 108 
MO 1227 9.8 x 104; 15.8 x 104; 1; 1.6; 2.5; 4; 6; 16; 25 
24.5 x 104; 39 x 104; 
59 x 104; 158 x 104; 
245 x 104 
MO 1226 2450 x 104; 39.2 x 108; 250; 400; 600 
58.8 x 108 
VO 1215 —9.8 x 104 -1 
VO 1227 —9.8 x 104 -1 


Pressure gauges, vacuum gauges, and compound pressure 
and vacuum gauges, Types MTI and VTI, are used for pre- 
cision measurement of gauge and vacuum-gauge pressures of 
liquids and gases. They are produced in conformity with 
TU 03-548-66. The ranges of the instruments are given 
in Table 2, 


26 INSTRUMENTATION MANUAL 


Table 2 
Ranges of Types MTI and VTI Gauges 
Type and model in Pa in kgf/cm2 
MTI1218 (pressure } 5.8 x 104; 9.8 x 104; 0.6; 4; 1.6; 2.5; 4 
gauges) 15.8 104; 24.5 x 104; 
39 x 104 
MTI1218 (compo- | —9.8 x 104-0-5.8 x 104; | —1-0-0.6; 1.5; 3 
und gauges) 14.7 x 104; 19 x 104 
MTI1216 (pressure | 58.8 x 104; 98 x 104; 6; 10; 16; 25 
gauges) 158 x 104; 245 x 104 
MTI1246 (compo- | —9.8 x 104-0-49 x 104; —1-0-5; 9; 15; 24 
und gauges) 88 x 104; 147 x 104; 
235 X 104 
MTI1232 392 x 104; 588 x 104; 40; 60; 100; 160; 250; 


980 x 104; 1588 x 104; 400; 600 
2450 X 104; 3920 x 104; 


5880 x 104 
MTI1217 9800 x 104; 15,800 x 104 | 1000; 1600 
VTI1218 (vacuum | —9.8x 104 —1 


gauges) 


Pressure gauges with the ranges up to 9800 x 10* to 
15,800 x 10* Pa (1000 to 1600 kgf/cm?), and compound pres- 
sure and vacuum gauges are made of accuracy class 1 only. 

Laboratory-type indicating pressure gauges, vacuum gau- 
ges, and compound pressure and vacuum gauges, Types 
ML, VL and MVL, serve for measuring gauge and vacuum- 
gauge pressures of liquidsand gases in laboratory conditions, 
and also for calibration of pressure gauges, vaucuum gauges 
and compound pressure and vacuum gauges of accuracy 
class 2.5 and lower. They are produced under TU 25-04-607-69 
and GOST 6400-69. The ranges of the instruments are sum- 
marized in Table 3. 

Pressure gauges with the ranges up to 9800 x 10* to 
15,680 x 10* Pa (1000 to 1600 kgf/cm?), and compound pres- 
sure and vacuum gauges are available of accuracy class 
1 only. 
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Table 3 
Ranges of Types ML, MVL and VL Gauges 


sedis in Pa in kgf/em2 


ML41237 9.8x 104; 15.8 x 104; 4; 1.6; 2.5; 4; 6; 10; 
24.5 x 104; 39.2 x 104; 46; 25 
58 x 104; 98 x 104; 158 x 104; 
245 x 104 

ML1238 392 x 104; 588 x 104; 40; 60; 100; 160; 250; 
980 x 104; 1580 x 104; 400; 600; 1000; 1600 
2450 x 104; 3920 x 104; 
5880 x 104; 9800 x 104; 
15800 x 104 

MVL1237 —9.8 x 104-0-5.8 x 104; 
15.8 x 104; 29.4 x 104; —1-0-0.6; 1.5; 3; 5; 9 
49 x 104; 88 x 104 

VL1237 —9.8x 104 —1 


Special-purpose pressure gauges, Type MTI, are intended 
for the measurement of gauge pressure of some acid media 
to a high degree of accuracy. They are manufactured under 
TU 03-550-66 and GOST (USSR State Standard) 2405-63. 
The ranges of these pressure gauges are given in Table 4. 

Specifications for the special-purpose instruments, Types 
MTI, VTI, ML, VL, MVL and MTI, are given below. 


Accuracy class ......... 0.6 and 4 


wasted Mas Bet eceanSes tae aes O8 10 to 35 
Me folate a. Fevten Re Byte hehe 50 to 60 
Connector ......2.-+4-2- radial with M20 x 1.5 thread 
Instrument weight, kg, not over . . 0.2 
Design versions ........ standard, export and tropical 


Gauges for measuring extremely high pressures, Type SV, 
model 1903, are used for measuring gauge pressure of li- 
quids. The instruments conform to TU 25-03-597-66. Accu- 
racy class is 14. The ranges of the gauges are 1600; 2500; 
4000; 6000; 10,000 kgf/cm? (15,680 x 104; 24,500 x 104; 
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Table 4 
Ranges of Type MTI Special-Purpose Pressure Gauges 


T d 
model in Pa ee 
MTI1514 24.5 X 104, 39.2 x 104; 2.5; 4; 6; 10; 16; 25; 
58.8 X 104; 98 x 104; 40; 60 


158 x 104; 245 x 104; 
392 x 104; 588 x 104 

MTI1512 980 x 104; 1580 x 104; 100; 160; 250; 400 
2450 x 104; 3920 x 104 


39,200 x 10*; 58,800 x 104; 98,000 x 10* Pa). The instru- 
ments are. designed for use at ambient temperatures of 5 
to 35°C. The mass is not more than 0.6 kg, the design versi- 
ons are standard, export, and tropical. Figure 3 illustrates 
the overall dimensions of Type SV gauges. 


2607? dia 


Fig. 3. Overall dimensions of the SV instruments 


Pressure gauges, vacuum gauges, and compound pressure 
and vacuum gauges with a standard output signal, Type MED. 
Type MED differential-transformer pressure gauges, vacuum 
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Gauge and model 


29 


Table 5 


Ranges of the MED Gauges 
rE 


in Pa 


Pressure gauge 2364] 8.9 x 104; 15.8 x 104; 


Pressure gauge 2365 


Vacuum gauge 2364 
Compound gauge 
2364 


24.5 x 104; 39.2 x 104; 
58.8 xX 104; 98 x 104 
158 x 104; 245 x 104; 
392 x 104; 588 x 104; 
980 x 104; 1580 x 104; 
2450 x 104; 3920 x 104; 
5880 x 104; 9800 x 104; 
15,800 x 104 

—9.8 x 104 

—9.8 x 104-0-5.8 x 104; 
14.7 104; 29.4 x 104; 


in kgf/cm? 


1; 1.6; 2.5; 4; 6; 10 


416; 25; 40; 60; 100; 
460; 250; 400; 600; 
1000; 41600 


—1 
—1-0-0.6; 1.5; 3; 
5; 9; 15 


88.2 x 104; 148 x 104 


Compound gauge | —9.8x 10#-0-235x 104 | —1-0-24 


2365 


gauges and compound gauges with a normalized electrical 
output are produced in conformity with TU 25-07-361-68. 
They operate in conjunction with secondary interchange- 
able instruments of the differential-transformer system, 
Types KSD-3, KSD-2 and others, and also with computers of 
centralized control. The MED gauges are designed to measu- 
re gauge and vacuum and vacuum-gauge pressures of liquids 
and gases chemically inert to copper-based alloys and car- 
bon steels. Specification for the gauges is given below. 


4 and 4.5 

mutual inductance between the 
primary and secondary of 
the differential transformer 
(0 bs 10 mH) 
+ 


Accuracy class 
Output signal .... 


Loss angle, deg .......-. + 
Output signal transition time, s, 
no more than ......2..-. 


Transformer primary current: 


ee © © © © © © © © ew 8 


FA e as pteg elaine Oe Jopve: Sa, d, (OU: 
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pm nedanee of the primary circuit, 
0 


ING oP ge rei Ua: a2 ore aes aso ah vate 0 Se 90 +5 
Ambient temperature at relative 
humidity of 80%,°C ..... 5 to 50 
Mass, kg, not over ....... 0.2 
Modifications ......-... standard, export and tropical 


Table 5 summarizes the ranges of the MED gauges and 
Fig. 4 illustrates their overall dimensions. 

Bellows-element pressure gauges, vacuum gauges, and 
compound pressure and vacuum gauges rely on the relation- 
ship between the moving 
element displacement and 
the elastic deformation of 
a bellows. 

Pressure or vacuum is 
applied through a capillary 
tube, 9, (Fig. 5), into a 
chamber, 8, between the ca- 
se and a bellows, 6. When 
pressure changes, bottom 
portion 7 of bellows 6 moves, 
thereby displacing upward 
or downward a stem, 5, 
which actuates levers 3 and 
4. Lever 3 through link J 
turns pen holder 2 in recor- 
ding instruments, ora poin- 
ter in indicating instru- 
ments. Thus, the movement 
ee ee of a pointer or a pen through 

some angle is proportional 
to a change in the pressure 
or vacuum being measured. 


| 
Cee PERE 
Modifications of the ins- 


Fig. 4. Overall dimensions of the truments are given in Tab- 

MED instruments, model 2364 le 6 and the ranges in 
Table 7. 

& The basic indication error of the pressure gauges in 

a circular case is +1.5%, and in a rectangular case, +1%; 

that of the vacuum gauges and compound gauges in a circu- 

lar case is +2.5% and in a rectangular case +1.6%. The 
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instruments having no electrical drive may be used in all 
kinds of explosion hazardous premises. 

Two-position electrical-contact instruments, Types EKM, 
EKV, EKMV, VE, are designed for measurement, signal- 


= 


Y 


Ly 


RM 
S 
WI 


// 


Hi 
My, 


Fig. 5. Bellows-element pressure gauge 


1—link; 2—pen; 8, 4—levers; 5—needle; 6—bellows; 7—bellows bottom; 8—case 
interior; 9—capillary tube 


ling and positioning control of high and low pressures of 
non-crystallizing liquids noncorrosive to brass and steel. 

Types and ranges of the instruments are listed in 
Table 8. 
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Table 6 
Modifications of Pressure and Compound Bellows-element Gauges 


Recording instruments 
Indicating gauges 


chart driven by clock mechanism 


Gauge} wit- with pneuma-| with pneu- 
hout | with | with trans-| Without with two | tic control |matic control 
auxi- | signal ducer auxiliary | pressures | and single | and two pres- 
liary | device device recording pressure sures record- 


recording ing 


Pres- |MS-270|MS-278| MPS-270M | MSS-710ch | MSS-730ch |04-MSS-410M/04-MSS-4 30M 
sure 


gauge 


Va- - _ VSP-270M | VSS-710ch | VSS-730ch |04-VSS-410M - 


Com- MVSP-270M/ MVSS-710ch] MVSS-73 0ch| 


Reeording instruments 


chart driven by synchronous motor 


Gay; with pneu- with pneuma- 
ige 
without with two pres- matic control tic control 
auxiliary signal sures re- and single and two pres- 
device device cording pressure sures recor- 


recording ding 


Pres- MSS-710 MSS-618 MSS-730 04-MSS-610M 04-MSS-630M 
sure 

gauge 

Va- VSS-710 - VSS-730 04-VSS-6 10M - 


Com- MVSS-710 - MVSS-7 30 =- - 
pound 
gauge 
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Table 7 
Ranges of Bellows-elemen| Gauges 
cd 
Gauge and @ F 2 in mm 
its type in Pa in kgf/cm? in Pa Hg 
Pressure gauges | 2.5 x 104; 4 x 104; 0.25; 0.4; — —_ 
5.8 x 104; 9.8 104; | 0.6; 4; 1.6; 
15 x 104; 24.5 x 104; | 2.5; 4 
39.4 x 104 
Vacuum gauges | —5.8 x 104; —9.8 x 104) —0.6; _ 
VSS-710, 
VSS-740ch, 
VSS-730, 
VSS-730ch 
The rest _ ee ee ee |-t0x10 —760 
Compound gau-| —9.8 x 104-0-5.8 x —1-0-0.6; — _ 
ges Xx 104; 0-15 x 104; 0-1.5; 
MVSS-710, 0-29 x 104 0-3 
MVSS-710ch, 
MVSS-730, 
MVSS-730ch 


The breaking capacity of the contacts is 10 VA at the 
maximum current 1 A. The basic indication error is +1.6% 
of full scale. 

Special-purpose pressure gauges (gas pressure gauges) are 
used for measuring the pressure of such gases as hydrogen, 
acetylene, oxygen and others. The instrument scale bears 
the name of the gas. Each type of the pressure gauge is 
designed to measure the pressure of a particular gas, so 
its case is painted in a definite colour: dark green for hydro- 
gen, white for acetylene, red for other inflammable gases, 
grayish green for chlorine and phosgene, sky-blue for oxy- 
gen, black for other non-flammable gases. 


3—0324 


Table 8 


Types and Ranges of Electrical-contact Instruments 


Ranges 
Gauge and its 
mee in Pa in kgf/cm2 

Electrical- 0-9.8 x 104; 0-15.8 x 104;] 0-1; 0-1.6; 0-2.5; 0-4; 

contact pressure | 0-24.5 x 104; 0-39 x 104; | 0-6; 0-10; 0-16; 0-25; 

gauges: 0-40; 0-60 

EKM-160-4 0-58 x 104; 0-88 x 104; 
0-158 x 104; 0-245 x 104; 
0-390 x 104; 0-580 x 104 

EKM-160-2 0-980 x 104; 0-1580 x 104;| 0-100; 0-160; 0-250; 
0-2450 x 104; 0-3900 x 104;] 0-400; 0-600; 0-1000; 
0-5800 x 104; 0-9800 x 104;] 0-1600 
0-1500 x 104 

VE-16rb 0-9.8 x 104; 0-15.8 x 164;] 0-1; 0-1.6; 0-2.5; 0-4; 
0-24.5 x 104; 0-39 x 104; | 0-6; 0-10; 0-16; 0-25; 
0-58 x 104; 0-98 x 104; 0-40; 0-60; 0-100; 0-250; 
0-158 x 104; 0-245 x 104; | 0-400; 0-600; 0-1000; 
0-390 x 104; 0-580 x 104; | 0-1600 


0-980 x 104; 0-2450 x 104; 
0-3900 x 104; 0-5800 x 104; 
0-9800 x 404; 0-1580 x 104 
—9.8 x 104-0-5.8 x 104; 
—9.8 x 104-0-14.7 x 104; 
—9.8 x 104-0-29.4 x 104 
—9.8 x 104-0 


Compound ga- 
uge EKMV-160 
Vacuum gauge 
EK V-160 


—1-0-0.6; —1-0-1.5; 
—1-0-3 
—1-0 


The ranges and errors are the same as for general-purpose 
industrial pressure gauges. 


2.2. Pressure (Head) Gauges, Draught Gauges, 
and Compound Pressure and Draught Gauges 


Diaphragm-element pressure (head) gauges, draught gauges, 


and compound pressure and draught gauges, Types NM-P1, 
TM-P1 and TNM-P1, are designed to measure pressure, 
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Table 9 


Ranges of Pressure (Head) Gauges, Draught Gauges, 
and Compound Pressure and Draught Gauges 


Gauge in Pa in mm H20 


Pressure gauge |0-250; 0-400; 0-630; 0-25; 0-40; 0-63; 0-100; 

NM-P1 0-1000; 0-1600; 0-2500; | 0-160; 0-250; 0-400; 0-630; 
0-4000; 0-6300; 0-10,000; | 0-4000; 0-1600; 0-25,000 
0-16 ,000; 0-250 ,000 

Draught gauge | —250-0; —400-0; —630-0; | —25-0; —40-0; —63-0; 


TM-P1 —1000-0; —41600-0; --100-0; —160-0; —250-0; 
—2500-0; — 4000-0; —400-0; —630-0; —1000-0; 
—6300-0; —10,000-0; —1600-0; —2500-0 


—16,000-0; —25,000-0 

Compound gau- | +125; +200; +315; +500; | +42.5; +20; +31.5; 

ge TNM-P1 +800; +1250; +2000; +50; +80; +125; +200; 
+3150; +5000; +8000; |+315; +500; +800; 
+12 ,500 +1250 


vacuum and differential pressure of dust-free dry gases and 
gases chemically inert to steel and copper alloys. The ranges 
of the gauges are given in Table 9. 

The pressure element of these gauges is a sealed capsule. 
The measured pressure is applied through a connector and 
a pipe, J (Fig. 6) to the interior of the capsule. The changing 
pressure causes displacement of the rigid centre portion of 
upper diaphragm 5. This displacement is transmitted through 
guide 8, lever 7, and link 2 to pivot 3 of pointer 4. The pointer 
can be set at the zero mark by zero-shift correction arrange- 
ment 6. 

The maximum pressure being measured is 25 kPa 
(0.25 kgf/cm?), the basic indication error is not more than 
+2.5% of full scale value with a zero-centre scale, the speed 
of response of the instruments is not more than 4 s. The 
instruments are connected to the source of measurement by 
means of tubes with inside diameters of not less than 6 mm. 


3* 


36 = INSTRUMENTATION MANUAL 


Differential draught gauge, Type DT-2, is used as a 
transducer for converting changes of low pressures, vacuum 
or difference of two pressures of noncorrosive gases into 
a proportionate a.c. 50-Hz signal. The primary winding of 
the differential-transformer type of pick-off is fed from 


Ml 


Fig. 6. Diaphragm-element pressure gauges, draught gauges and 
compound pressure and draught gauges 


(a) diagram of the TNM-P1 compound pressure and draught gauge: 1—tuke; 
2—link; 3—pivot; 4—pointer; 5—diaphragm; 6—zero-shift correction arrange- 
ment; 7—lever; 8—dog; (b) overall dimensions 


a 12-V transformer. The maximum static pressure is 50 kPa 
(0.5 kgf/em?). The one-sided pressure of the medium admitted 
into the instrument must not exceed the maximum pressure 
difference for each instrument modification. The power con- 
sumed is 2V A. The modifications and ranges of the instru- 
ment are listed in Table 10. 
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Table 10 
Ranges of the Differential Draught Gauge, 
Type DT-2 
Modification —_| in Pa in kgf/em2 

DT-2 —50 0-490 x 104 0-50 
DT-2 +80 —784 x 104-0-784 x 104 —80-0-80 
DT-2 —100 0-980 x 104 0-100 
DT-2 —200 0-1960 x 104 0-200 
DT-2 +200 —1960 x 104-0-1960 x 104 —200-0-200 
DT-2 —300 0-2940 x 104 0-300 


2.3. Diaphragm-type Seals, Type RM 


Diaphragm-type seals, Type RM, are designed for use in 
combination with pressure, vacuum, and compound pressure 
and vacuum gauges for measuring pressure of corrosive, hot, 
crystallizing media, and also media containing suspended 
and settleable solids. They are adapted to prevent the pro- 
cess fluid from seeping into the pressure-measuring element. 

Soviet makers turn out seal models 5319, 5320, 5324 and 
5322 under TU 25-07-608-79 (Figs. 7, 8, 9, 10). Seal models 
5319 and 5320 are used in combination with instruments co- 
vering the gauge pressure ranges up to 0.25 to 25 kgf/cm? 
(2.4 x 10* to 245 x 10* Pa), and the vacuum gauge pres- 
sure ranges up to 0.25 to 1 kgf/cm? (2.4-9.8 x 10* Pa). 
The 5321 and 5322 seals are used in combination with in- 
struments for measuring gauge pressure from 0.4 to 
600 kgf/cm? (3.9 x 10* to 5880 x 10* Pa). 

The error introduced by the diaphragm-type seals does 
not exceed +1% with the instrument ranges from 0.6 to 
600 kgf/cm? (5.8 x 10* to 5880 x 10* Pa) and +2% with the 
ranges 0.25 and 0.4 kgf/cm? (2.4 x 10* and 3.9 x 10* Pa). 

The diaphragm-type seals are produced either as separate 
items or complete with the instruments of the Manometer 
Works (Moscow), Types MED, MTI, VTI, with unified GSP 
transducers, Types MS-P1, MS-P2, MVS-P1, MVS-P2, 
VS-P1, MP-P2, MP-P3, MP-P4, MS-E1, MS-E2, MVS-E2, 
VS-E2, MP-E2, MP-E3, MP-E4. Commercially available are 
standard, export and tropical versions. 
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iFig.37. The RM diaphragm-type seal, model 5349 
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Fig. 8. The RM diaphragm-type seal, model 5320 
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Methods of connecting the diaphragm-type seals to the 
mains and materials for the component parts are summari- 


zed in Table (1. 
_0dia 


M20+15 or J” pipe 
thread 
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Fig. 9. The RM diaphragm-type seal, model 324 
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Fig. 10. The RM diaphragm-type seal, model 5322 


In the case of crystallizable media and those containing 
settleable and suspended solids, use is only made of models 


5320 and 5322 employing open diaphragms. 
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Instruments sets with protecting diaphragms are filled 
with an organosylicon liquid No. 2 (TU MKhP 2416-54). 
When measuring pressures at°temperatures of the process 
fluid outside the operating temperature limits of the instru- 
ments, but not higher than 100°C, the instrument witha seal 
is supplied with a bundle of flexible sleeve, Type 5326. 


ize A/F 27-9 24 


Size 


Dependin 
A/F 27-928 l, a d 


on order 


Fig. 44. The overall and mounting dimensions of the flexible con- 
nection sleeve, model 5326 i i 


On special request and agreement with the manufacturer, 
the side of the diaphragm in contact with the source of mea- 
surement can be covered with a fluoroplastic film and*the 
packing is made of fluoroplastic. Unified GSP transducers 
are always connected with the seal by means of a flexible 
sleeve (Fig. 14). 


2.4. Automatic Pressure Regulators 


Automatic gas pressure regulators, Type ARDG, are used 
to maintain the prescribed pressure value of noncorrosive 
gases in downstream line. 
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Fig. 12. Gas pressure regulator, Type ARDG 
(a) main gas pressure regulator, Type RDG: 1—diaphragm; 2—diaphragm case; 
3—valve body; 4—two-seat stem; (b) connection diagram of the regulator: 1— 
pilot valve, Type DRDG-15-2; 2—filter-throttling valve, Type FDG-1; 3—pres- 
sure equalizer, Type VD; 4—RDG regulator 
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Basically the apparatus consists of a main regulator, 
RDG (Fig. 12a), a pilot regulator, DRDG-15-2 (Fig. 12b), 
a throttling filter, FDG-1, and a pressure equalizer, VD. 
The value of the gas pressure maintained by the regulator in 
the downstream line is defined by the pressure coming from 
the DRDG-15-2 regulator. The throttling filter, FDG-1, 
ensures the required minimum gas flow rate through the 
pilot regulator. The pressure equalizer, VD, protects the 
main diaphragm from being ruptured in the case of a one- 
sided gas pressure increase. The gas pressure at the inlet port 
of the regulator is 5.8 x 10* to 158 x 10* Pa (0.6 to 
16 kgf/cm?). The downstream pressure is 800 to 400 or 4000 
to 10,000 Pa (80 to 40 or 400 to 1000 mm H,0). 

The regulator may be connected in accordance with any 
one of two schemes. With one of the connection schemes, gas 
from the throttle is vented to atmosphere, and with the other, 
to the line downstream of the regulator. The second scheme 
is suitable for maintaining pressure of a dry clean gas. 
Data on the RDG regulators are given in Table 12. 


Table 12 
Modifications and Overall Dimensions (in mm) 
of the RDG Regulator and Its Slide Valve 


Dimensions 


Modification Pome of regulator of slide valve 
dia 


Hr | He | B | Do] De | a 


Fuel-oil pressure regulators, Type RDP, serve to main- 
tain the downstream pressure in fuel-oil pipelines. They 
consist of a spring-type setter and a control valve separated 
by a corrugated diaphragm of stainless steel. The specifica- 
tion for the apparatus is given in Table 43. 

The error of the regulator is +2% of the adjustment up- 
per limit. 
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Direct-acting regulators. To maintain constant pressure 
of vapour, air and petroleum products in pipelines at pres- 
sures of up to 158 xX 10 Pa (16 kgf/cm?) and at temperatures 
of up to 300°C, use is made of control valves which operate 
as downstream regulators (Type 25ch 10nt) and upstream re- 
gulators (Type 25ch 12nt). A rubber diaphragm rigidly 
coupled to a slide valve is a pressure sensing element. In 
the downstream regulator, the passage area of the valve 
decreases with a rise of controlled pressure, while in the 
upstream regulator it increases. The stress of the diaphragm 
is counter-balanced by a weight. To protect the diaphragm 
from the effect of high temperature, the upper chamber of 
the diaphragm is filled with water or some other liquid. 

The ranges of the controlled pressure are (in Pa): 1.4 X 
x10* to 6 x 104; 6 x 10* to 8 x 104; 8 x 104 to 9.8 x 
x 104; 9.8 x 104 to 19.6 x 410*; 19.6 x 10* to 24.5 x 
x 104; 24.5 x 10* to 34 x 104; 34 x 104 to 49 x 10%; 
49 x 10* to 78 x 104; 78 x 10* to 93 x 104; 93 x 10* to 
127 x 104 (0.15 to 0.65; 0.65 to 0.85; 0.85 to 1.0; 1.0 to 2.0; 
2.0 to 2.5; 2.5 to 3.5; 3.5 to 5; 5.0 to 8.0; 8.0 to 9.5; 9.5 to 
13 in kgf/cm?). The nominal inside diameter of the regulator 
in mm is: 50, 80, 100, and 150. The nominal capacity of the 
water-cooled regulator with the pressure differential across the 
valve 9.8 x 104 Pa (1 kgf/cm?), is 40, 100, 160 and 360 m*/h. 

Diaphragm-type MDK-150 breathing valve is mounted 
on vertical cylindrical tanks intended for storage of oi] and 
petroleum products at high gauge pressures. The breathing 
valve isolates securely the interior of the tank filled with gas 
from atmosphere and operates only when the prescribed valu- 
es of pressure or vacuum in the tank are exceeded, thereby 
ensuring the required flow rate of the vapour-air mixture or 
air at a constant differential pressure. 

The breathing valve is mounted on the tank branch pipe. 
Pressure from the tank is transmitted via connection pipe 9 
(Fig. 13), to a chamber above diaphragm 6 by means of mas- 
ter controller 70. As the pressure applied on top of light- 
weight disc 7 acts over a larger area than that applied to 
the underside of the disc, the force pressing the disc to seat 8 
increases with increasing pressure in the tank and the tight- 
ness of the valve is improved. Simultaneously, pressure acts 
downward on disc 2 of the master controller, thereby forcing 


46 INSTRUMENTATION MANUAL 


it to seat 3 and upward on diaphragm J. As the area of diap- 
hragm 4 is greater than the passage area of seat 3, the pressure 
transmitted from the diaphragm to the disc tends to lift it 
off the seat. Therefore, when the specified pressure is attai- 
ned in the gas-containing space of the tank, disc 2 separates 
from lower seat 3 and approaches uppet seat 7. Thereby, the 
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Fig. 13. Diaphragm-type breathing valve, Type MDK-150 «- 


1, 3, 8—seats; 2, 7—discs; 4—bushing; 5, 6—diaphragins; 9—connection pipe; 
10—master controller 


chamber above diaphragm 6 of the valve opens to atmosphe- 
re through an orifice in seat 3 and a set of passages in 
bushing 4. In the chamber above diaphragm 6 pressure drops 
abruptly, disc 7 easily moves away from seat 8 and the 
breathing valve operates without any rise in pressure. 

With a slightest reduction of pressure in the tank, disc 
2 drops by gravity onto seat 3, and the chamber above 
diaphragm 6 becomes disconnected from atmosphere. Pres- 
sure in the chamber restores, disc 7 seats on seat 8 and the 
breathing valve closes. 
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When the breathing valve operates under the conditions 
of vacuum the master controller is inoperative. In this case 
vacuum is set up in the chambef above diaphragm 6, and 
when it attains the specified value in the tank, disc 7 se- 
parates easily from seat 8 under the effect of atmospheric 
pressure. If vacuum is reduced, disc 7 lowers by gravity onto 
seat 8 and the valve cuts off the supply of air into the 
tank. 

The maximum gauge pressure in the gas space of the tank 
is not allowed to be greater than 15,000 Pa (4500 mm H,0). 
The maximum admissible vacuum in the gas space of the 
tank is 500 Pa (50 mm H,O). The capacity of the breathing 
valve is up to 600 m*/h. The overall dimensions are 380 x 
x 270 x 352 mm, the mass is 25 kg. The diameter of the con- 
nection pipe is 150 mm. 

The diaphragm-type MDK-150 breathing valve enables 
the reduction of petroleum products loss due to evaporation. 
As distinct from other valve types, it ensures better pressure 
tightness of the tank within the permissible pressure and 
vacuum ranges and a greater capacity with a small mass of 
the valve. 


CHAPTER THREE 


LIQUID AND GAS FLOW 
MEASURING INSTRUMENTS 


Modern petroleum processing and petro-chemical industries 
require accurate measurement and control of various kinds 
of stream of petroleum products, chemical components, va- 
pour, gas and air flowing through pipelines, with a view to 
obtaining the qualitative and quantitative characteristics 
of the process. 

Flow meters are widely used for automatic mixing at 
blending stations, to obtain the end products of the speci- 
fied quality, for accounting purposes at self-supporting 
enterprises, and are indispensable for the maintenance 
of maximum operating economies at process plants, especi- 
ally when handling large amounts of oil. 
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Most widely spread instruments at the plants are diffe- 
rential pressure-related flow meters with restriction ele- 
ments. They are used to measure flow rates of liquids, gases 
and vapours in pipelines of 1/2 to 36” dia at any pressures 
and temperatures with the accuracy of 1 to 2% for any flow 
value over the instrument range. Use is also made of volu- 
metric flow meters which measure flows to an accuracy of 
tenths of a percent, but are more complicated in mounting 
and service. 


3.1. Turbine-type Velocity Meters 


Flow meters, Type VV (Fig. 14), are developed to measure 
the volume of water. The specification for these water flow 
meters is given in Table 14. The maximum allowable water 
pressure is 98 x 10* Pa (10 kgf/cm?), the maximum allowable 
water temperature is 30°C for plastic impellers and 90°C 
for brass impellers. 


Table 14 
Specification for Flow Meters, Type VV 


e 


Se a Basic permissible 
SS Range, m3/h | Allowable error; no more 
pot load, m3/h han 
ra. 
le 9 he 
wee Ba | 43%] +29 

s | | Ee a. \a¢ (lS 

3 g | S28 g [Ss 

2. é ae 8 | Bo jas, at flow rate, 

e aA | 8S& | € | 2 | & [BES ae 
VV-50 50 70 4 22 12 16 | 3-4 5-22 
VV-80 80 250 6 80 45 55 | 6-9 10-80 


VV-100 | 100 440 8 140 75 90 | 8-19 | 20-140 
VV-150 | 150 1000 15 380 | 160 | 200 |12-29 | 30-380 
VV-200 | 200 1700 25 550 | 265 | 330 18-44 | 45-550 
VV-250 | 250 2600 32 820 } 410 | 525 |32-79 | 80-820 
VV-300 | 300 4000 60 | 1300 | 600 | 750 60-139) 140-1300 


Flow meters, Type VK (Fig. 15), are designed to measure 
the quantity of water flowing through pipelines. The speci- 
fication for the meters is given in Table 15. The basic per- 
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MMO Fig. 14. Water]flow meter, Type VVJ 


1—case;”2—impeller; 3—counting mechanism; 4—transmission gear 


SENS 


Fig. 15. Water flow meter, Type VK 


1—case; 2—transmission gear; 3—counting mechanism; 4—impeller; 5—device 
for the reading accuracy adjustment 
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Table 15 
Specification for Flow Meters, Type VK 
Allowable load, m3/h 


Flow rate, | Lower point 
m3/h of the range, 
m3/h 


Type-size Dia, mm 


momen- perma- 


tary nent 
VK-3 15 3 0.12 1.5 0.9 
VK-5 20 5 0.25 2.9 1.5 
VK-10 30 10 0.50 5.0 3.0 
VK-20 40 20 1.00 10.0.4 6.0 


missible error does not exceed +2% at 10 to 50% of the cal- 
culated flow rate, and +3% at flow rates corresponding to 
the lower point of the range. The maximum allowable water 
pressure is 98 x 10* Pa (10 kgf/cm?), and temperature, 30°C. 


3.2. Volumetric Flow Meters 


Volumetric (displacement)} liquid; flow™meters_‘depend jon 
metering definite volumes of liquid displaced from the mea- 


HH 


Fig. 16. SVSh-5 16/40 meter 


1—case; 2—chamber; 8—yointer-type indicator; 4—roller-type indicator; 5— 
oval gears 


suring chamber owing to a pressure difference produced in 
it. Volumetric liquid flow meters can be piston-, disc-type, 
with oval gears, etc. 
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Volumetric flow meters are more complex in design but 
offer somewhat better accuracy ,than velocity meters. The 
list of the most widely used liquid flow meters and their 
specification are given in Table 16. 

Figure 16 shows the SVSh-5 16/40 flow meter with oval 
gears. Mounted in case J is chamber 2 with two oval gears 5 
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Fig. 17. Gasoline meter, Type DB-40 


1—partition; 2—measuring chamber; 3—disc-type piston; 4—roller-type indi- 
cator; 5—pointer-type indicator 


in permanent engagement with each other. When a liquid 
is passing through the metering chamber, rotational motion 
of the gears is transmitted via a magnetic clutch and a gear 
train to pointer-type 3, and roller-type 4 indicators. The 
meters are mounted so that the axis of rotation of the gears 
is horizontal. 

Gasoline flow meter DB-40 '(Fig. ‘17). Metering cham- 
ber 2 accommodates radial partition / preventing direct flow 


4* 
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Table 16 


Specification for Volumetric Liquid Flow Meters 


Type-size 


ShZhU-15-16 
ShZhU-25-16 
ShZhU-40-16 


ShZhU-60-16 
ShZhU-80-16 


ShZhUA-15-16 


ShZhUA-25-16 


ShZhUA-40-16 


ShZhUA-60-16 
ShZhUA-80-16 


2-SVShS-25 


SVSh-5 16/40 


inside 


diame- 


ee 


ter), 
ee em ee ee fe 


15 


25 


80 


25 


40 


my = 


Characteristics of 
process fluid 


pressure, 
Pa 
(kgf/cm?) 


viscosity, 
m2/s 


Gasoline, 
toluene, 
xylene, 
acetone, 
pentane, 
amylene, 
isopentane 


158 x 104 
(16) 


3x 10-4 


Alkaline 
solutions, 
acetaldehy- 
de, 

acetic acid, 
formalde- 
hyde 


Overall 
dimensions, 
mm 


300 x 180 x 196 
325 x 250 x 196 
392 X 325 X 255 


418 x 380 x 305 
460 x 520 x 430 


300 x 180 x 196 


325 x 250 x 196 


392 < 325 X255 


418 x 380 x 305 
460 x 520 x 430 


29 x 104 | 6x 2-svshs-25 | 95] | 29x 408 | 6 10° [224486148 224 X 186 x 148 


(3) to 


Gasoline, 
kerosene, 


60 x 10-6 


petroleum [59 gy 404l 6 x 10-6 [344274265 


products to 


60 x 10-8 


(6) 


Note. For the 2-SVShS-25 flow meter the minimum flow rate is 0.6 to 0.8, 
the maximum flow rate is 4 m3/h; for the SVSh-5 16/40 flow meter, 
the respective figures are 2.5 and 15 m3/h. 
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of the liquid from the inlet to the outlet port. Disc-type pis- 
ton 3 consists of a disc, two semispheres and a pivot. The 
radial partition which guides the piston is fixed in a slot 
provided in the disc. When passing through the instrument 
the liquid moves the disc-type piston in an oscillatory 
(nutating) motion which is transmitted to roller indicator 4 
and pointer indicator 5. 

The error of the above described volumetric flow meters 
is +0.5%, the error of the DB-40 meter is +1% at the flow 
rate under 2 m*/h and +0.5% 
at the flow rate over 2 m°/h. | 

The main troubles in the ve- 1 
locity and volumetric flow me- 
ters and methods of remedying 
them are summarized in Tab- 
le 17. 

Rotating lobe meters, Type 
RS, are designed for volumet- 
ric metering of non-corrosive 
refined gas fuels, such as na- 


(M4 Qo 


SK 
tural gas, mixed gas, illumi- 4 
nating, oil gas, propane-butane- Y 
fraction. iy 


Housing J of the meter 

(Fig. 18) encloses two rotors 2 Fig. 48. Rotating lobe gas flow 
which roll, when revolving, meter, Type R 
over each other surfaces and dectase;, 2 lobes 
inner surface of the housing. 
The mechanism of their rotation is similar to that in flow 
meters with oval gears for measuring liquids. The rotor shaft 
brought out of the housing is connected through a cam sleeve 
with the reducer shaft, and through the latter with the coun- 
ter. 

The technical characteristics of the gas flow meters are 
summarized in Table 18. 

The rotating lobe meters operate at a gas temperature 
within the range of 0 to 50°C and a pressure of up to 9.8 x 
x 104 Pa (4 kgf/cm?). The head loss across the meters at the 
rated flow for all type-sizes of the meters does not exceed 
300. Pa (30 mm H,0). To monitor the value of the head loss 
during operation, differential-pressure gauges are mounted 
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Table 18 


Specification for Rotating Lobe Meters, Type RS 


jp a pM cS 
Indication error at 
flow rates 


Moditication | “inside. |now rate, [10 to 20%] 29,t0 | Overall aimen- 
dia, mm m3/h of the 120% 
rated of ae 
RS-40M 56 40 +3 +2 300 x 180 x 210 
RS-100M 80 100 +2 +2 332 x 250 x 240 
RS-250M 125 250 +2 2 510 x 410 x 360 
RS-400 150 400 + #2 592 x 410 x 360 
RS-600M 475 600 +2 +2 | 663 x 485 x 440 
RS-1000 225 1000 +2 +2 773 X 550 X 500 


at the meters, which enable evaluation of the meter clog- 
ging. 

The minimum flow through the meter is 10% and the 
maximum is 120% of the rated value with no more than 
6 h/day operation. The RS-40M and RS-100M meters are 
mounted immediately on the pipelines, meters of other 
modifications are mounted on base plates beyond the 
pipelines. 


3.3. Rotameters 


Rotameters (flow meters of constant pressure differential) 
are used for metering flow rates of liquid, vapour and gas. 
The operating principle of the rotameter is that while a liquid 
or gas moves upwards through a tapered tube, a float contai- 
ned in the tube rises or lowers till its gravity force is coun- 
ter-balanced by the buoyant force. The float has a unique 
position for each value of the flow rate of a fluid of a defini- 
te density and viscosity passing through the rotameter. 

The Soviet makers turn out both direct-reading rota- 
meters (with a scale) and rotameters equipped with an elect- 
ric or a pneumatic transmitting unit. 

Rotameters with remote indication of flow rate are made 
up of two units — a rotameter unit and an electric transmit- 
ting unit. The main element of the rotameter is float 2 
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(Fig. 19) movable inside annular orifice plate 7 (or a whip- 
ping-top float movable inside an upright tapered tube). The 
electric transmitting unit consists of induction coil 3 with 
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Fig. 19. Rotameter with electri- 
cal output 


1—annular orifice plate; 2—float; 3— 
induction coil; 4—core; 5—sealing tube 


core 4 which is the extension 
rod of float 2. The coil is 
connected to the differen- 
tial-transformer circuit of 
the remote-indicating sys- 
tem. The electric transmit- 
ting unit is enclosed in 
sealing tube 5 which pre- 
vents the process fluid from 
getting into it. On the out- 
side, the coil is protected 
with a cover. Specifications 
for the rotameters with an 
electric transmitting unit 
are summarized in Table 19. 

The parts which are in 
contact with the medium 
being metered are made 
from steel Khi8N9T. The 
bottom reading of the scale 
is 20% of the full scale, the 
error is +2.5%, working 
pressure is 627 x 10* Pa 
(64 kgf/cm?). 

The rotameters feature 
complex relationship bet- 
ween the tapered tube and 
the rotor and between the 
flow rate and viscosity of the 
metered medium. Therefore, 
they require individual ca- 
libration and testing. The 
rotameters are tested for the 


flow rate corresponding to the scale mark being checked 


and for the instrument error. 


The installation for rotameter calibration consists of 
head tank 2 (Fig. 20) with overflow, metering tank 70 with 
water-gauge glass 9, a set of graduated cylinders 4 for measu- 
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Table 19 
Specification for Rotameters with Electric Transmitting Unit 
Maximum Nominal ; 
Type-size ag She dnside | dia, Overall dimensions 
REM-0.025Zh 0.025 270 X 120 x 50 
REMV-0.025Zh 0.025 290 x 190 x 50 
REM-0.04Zh 0.04 6 270 x 120 x 50 
REMV-0.04Zh 0.04 290 x 190 x 50 
REM-0.063Zh 0.063 270 x 120 x 50 
REMV-0.063Zh 0.063 290 x 190 x 50 
REM-0.1Zh 0.41 385 x 166 x 112 
REMV-0.1Zh 0.4 396 x 220 x 150 
REM-0.16Zh 0.16 385 x 166 x 112 
REMV-0.16Zh 0.16 396 x 220 x 150 
REM-0.25Zh 0.25 20 385 x 166 x 112 
REMV-0.25Zh 0.25 396 x 220 x 150 
REM-0.4Zh 0.4 385 x 166 x 112 
REMV-0.4Zh 0.4 396 x 220 x 150 
REM-0.63 0.63 438 x 194x 136 
REMV-0.63Zh 0.63 443 x 235 x 164. 
REM-1Zh 1.0 438 x 194 x 136 
REMV-1Zh 1.0 443 x 235 x 164 
REM-1.6Zh 1.6 40 438 x 194 136 
REMV-1.6Zh 1.6 443X235 x 164 
REM-2.5Zh 2.5 438 x 194 x 136 
REMV-2.5 2.5 443 X 235 x 164 
REM-4Zh 4.0 438 x 194 136 
REMV-4Zh 4.0 443 x 235x164 


ting small flow rates, overflow chute 72, drain tank 3 and 
rotameter under test, 5. 

Water used in the testing of rotameters is at a tempera- 
ture of 20 + 3°C. The water supply to head tank 2 is control- 
led by valve J so that its level in the tank is held constant. 
The flow rate of water through the rotameter is set by means 
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of valve 8 with valve 6 (or 7) open. The rotameter pointer 
is set against the first scale mark, discharge valve /1 of mete- 
ring tank 10 is closed and, as soon as the water level 
reaches the zero mark, a stop-watch is started. When the 
water level reaches a specified mark, the watch is stopped 


Fig. 20. Installation for rotameter calibration 


1, 6, 7, 8, 11, 13—valves; 2—head tank; 3—drain tank; 4—set of graduated 
cylinders; 5—rotameter: fre Neh ee glass; 10—metering tank; 12—overflow 
chute 


and the discharge valve is opened. The flow rate is deter- 
mined by the volume of water in the metering tank and the 
time of its filling. The rotameter indications are checked for 
each scale mark, usually 20, 40, 60, 80 and 100% of maxi- 
mum flow. 


3.4. Gas Flow Controllers, Type RRG-1 


Gas flow controller, Type RRG-1, is designed to stabilize 
the specified flow rate of a corrosive gas at a constant gas 
density and ambient temperature in the meter supply line. 
The instrument relies on maintaining constant pressure 
differential at a calibrated restriction element (orifice 
plate). The controller is available in two modifications, 
RRG-1A and RRG-1B. 

In the RRG-1 controller, flapper 6 (Fig. 21) is coupled 
through needle 4 to polyethylene diaphragm 2, which is acted 
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upon by the same pressure differential as orifice plate 7. 
Besides, forces from two springs — helical 3 and flat 8 — 
act on the diaphragm. The moving element of the instru- 
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Fig. 21. Gas flow rate controller, Type RRG-1 


1, 9—screws; 2—diaphragm; 3—helical spring; 4—needle; 5—nozzle; 6—flapper; 
7—orifice plate; 8—flat spring 


ment is in equilibrium when the force arising under the 
action of the pressure differential at the diaphragm is co- 
unter-balanced by the force of the spring. 
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Equilibrium is possible at a definite pressure difference 
across diaphragm 2 set by spring 3. The pressure drop across 
the diaphragm depends at every particular instant on the 
relationship of the hydraulic resistance of the orificeJplate 
and the resistance of a nozzle-and-flapper unit defined by the 
clearance between nozzle 5 and flapper 6. In equilibrium, 
i.e., at a steady-state pressure drop through the controller 
and steady gas flow, the clearance between the nozzle and 
flapper is constant. The required pressure differential at the 
diaphragm is set by screw J which tensions spring 3. Screw 9 
which can be shifted along spring 8 is intended for changing 
the rigidity of the spring to adjust the controller for the 
required flow rate. 

The specification for the RRG-1 controller is given below. 


bea eSNG Petit ake Se ee La a ae 8 from 1 to 200 
+2 


Gas temperature at inlet port of the controller, °C 5 to 45 
Gas pairs at inlet port of the controller, Pa 


(kgf/cm?), no more than ......... - 1.9 x 104 (0.2) 
Vacuum, Pa (kgf/cm), no more than: 

at inlet port .. 1... 2.2... 2.2 2 eae 0.5 x 104 (0.05) 

at outlet port . 2... 1. 6. ee ee eee 1.9 x 104 (0.2) 


troller for every 0.5 x 104 Pa (0.05 kgf/cm?) up to +1 


ture variation for every 5C ....... +2 


controller, gas temperature and density, % up to +1 
Complementary error due to changes in gas density 

for every per cent of density variation, % . 0.5 
Mass, kg Wnt Wine tative Sensis Ronde Funes tbe Se aes 2 


3.5. Air Flow Controller, Type RRV-1 


Air flow controller, Type RRV-1, is a static direct-acting 
controller designed to maintain the prescribed flow rate of 
air supplied to piezometric systems when measuring liquid 
level, pressure or other process variables. 

The instrument operation is based on automatic mainta- 
ining of constant pressure drop through a restriction and, 
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hence, constant air flow through the latter. The controller 
consists of case 9 (Fig. 22) and cover 2 clamped between 
which is rubber diaphragm 4 with a cotton washer. Rigid 
centre member 3 resting on pusher 5 is attached to the diap- 
hragm. Spring J actuating diaphragm 4is mounted under the 
cover. Ball 7 contained in case 9 tends to close nozzle 6 
under the action of spring 8. Compressed air from the sup- 
ply line is fed to the controller through a port in case 9. 


y INN 
a 3 to 


\ 
O% 


10 g 


Fig. 22. Air flow rate controller, Type RRV-4 
J, 8&—springs; 2—cover; 3—rigid centre member; 4—diaphragm; 5—pusher; 
6—nozzle; 7—ball; 9—case; 10—rotameter; 11—restriction ~ 


The line of the process variable-measuring piezoelectric 
system is connected to an outlet port in cover 2. Rotameter 
10, through connectors, communicates with the chamber 
under the diaphragm and the interior of the cover. The 
rotameter 50-mm scale is graduated in arbitrary units. The 
rotameter certificate contains a calibration chart and graph 
for determining airflowin the range from 6 to 60 I/h. 

The controller is set to a prescribed flow rate of air by 
variable restriction 77. Pusher 5 loaded by spring 7 forces 
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ball 7 away, therefore when restriction 77 is open, air from 
the supply line passes through nozzle 6 to the chamber under 
the diaphragm and further, through the rotameter and the 
interior of the cover, to the line of the piezometric process 
variable-measuring system. When the forces of two springs 1 
and 8 and the force due to the pressure drop act on the effe- 
ctive area of the diaphragm, the pusher moves, thereby ope- 
ning the nozzle or closing it by the ball. Because of this, 
pressure drop through restriction 7 of the rotameter remains 
constant. The diaphragm holds the ball in a position re- 
lative to the nozzle, and this position corresponds at any 
given moment to a definite pressure drop through the 
restriction and, consequently, to a definite air flow through 
the restriction. 

If the operating conditions of the controller are changed, 
which may be the case when pressure in the line of the pie- 
zometric system or in the compressed-air supply line chan- 
ges, the balance of the forces action on the diaphragm is 
disturbed. This results in a deflection of the diaphragm and 
change of the opening between the ball and the nozzle and, 
consequently, in the restoration of the original air pressure 
drop through the restriction. 

The construction of the controller enables it to be moun- 
ted on a board or at a suitable place at the line between the 
compressed-air supply and the piezometric measuring sys- 
tem. 

The specification for the air flow controller, Type 
RRV-1, is given below. 


Constant air flow rate, /h....... 40 to 50 
Compressed air pressure, Pa (kgf/cm?): 
Inlet. © ces ice ee des 9.8 x 104 to 34 x 104 
(1 to 3.5) 
Outlet) eS aod dow. 0 a Gg 29 x 104 (3) 
Air pressure difference between inlet and 
outlet, Pa (kgf/cm?) ........ 4.9 x 104 (0.5) 
Ambient air temperature at a humidity 
from 30 to 80%, °C ........-. 5 to 45 
Instrument mass, g ......-..--. 200 


The instrument is adjusted for the specified air flow by 
a variable restriction provided in the rotameter. 
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3.6. Differential-pressure Gauges for Measuring 
Flow Rafes 


Diaphragm force-balance pneumatic differential-pressure gau- 
ges, Type DMPK, are designed for remote measuring of gas, 
vapour and liquid flow by a variable pressure differential. 

Differential-pressure gauge DMPK is a primary scale- 
free instrument with a pneumatic transmitter, designed for 
continuous measurement of pressure differential and conver- 
sion it into compressed air pres- 
sure proportional to this diffe- 
rential. The differential-pressure 
gauge can operate in combina- 
tion with any secondary instru- 
ment rated for air pressure from 4 
1.9 x 10* to 9.8 x 104 Pa (0.2 to 
1.0 kgf/em?). The principle offor- 4 
ce balance underlies the operation 
of the differential-pressure gauge. 

The DMPK-4  differential- 
pressure gauge is rated for the 
nominal pressure 39 x 10* Pa 
(4 kgf/em*) and covers the range 
from 0 to 250, 400, 630, 1000, waz, § N 
1600, 2500 and 4000 Pa (0 to 25, Z boo 
40, 63, 100, 160, 250 and 400 mm LESS 
H,0), the DMPK-100 differential 
pressure gauge is intended for no- Fig, 23. Schematic diagram 
minal pressure 980 x 10* Pa _ of the differential-pressure 
(100 kgf/em?) and has a range gauge, Type DMPK 
from 0 to 5200, 7800, 13,000, {—hring:?. g~ levers: 4 screw 
20,000, 32,500, 52,000, 78,000 and lows, ¢ zero adjustment; 9— 
130,000 Pa (0 to 40,63, 100, 160, PP" "diaphragm unit) 
250, 400, 630 and 1000 mm Hg). 

The differential-pressure gauge, Type DMPK, is shown 
in Fig. 23. Cleaned from dust and moisture, the compressed 
air under a pressure of 14 x 104 Pa (1.4 kgf/cm?) is admitted 
to pneumatic arrangement 9 wherefrom it is delivered to 
nozzle 6 and further on to the atmosphere. When pressure 
differential P, — P, applied to diaphragm unit 10 changes, 


5—0324 


To secondary instrument 


OSES 
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lever 3 turns and flapper 5, attached to the upper portion of 
lever 3, moves relative to nozzle 6, thereby varying air pres- 
sure at the outlet from pneumatic arrangement 9, which is 
passed to a secondary instrument. 

The minimal air pressure 1.9 x 104 Pa (0.2 kgf/cm?) is 
set by spring 7 whose tension is varied by means of the 
screw of zero adjustment 8. 

The DMPK differential-pressure gauge may be calibrated 
either separately or simultaneously with the secondary in- 
strument. ; 

The differential-pressure gauge is mounted on a support 
and connected to a receptacle with compressed air under 
a pressure of 19.6 x 10* Pa (2 kgf/cm?). To check the instru- 
ment for the maximum output pressure, a pressure corres- 
ponding to the full-scale pressure is developed in the 
high-pressure chamber. If the output pressure is less than 
9.8 x 10* Pa (1 kgf/cm?), all the connections must be checked 
for tightness, particularly the tightness of the flapper-and- 
nozzle unit in the pneumatic system of the transducer, 
and, if necessary, the throttle opening of the pneumatic 
relay must be cleaned. 

The zero point of the instrument is checked by opening 
the equalizing valve: the output pressure must be 1.96x 
x 10* Pa (0.2 kgf/cm?). If it is greater or lesser, the opening 
between nozzle 6 (see Fig. 23) and flapper 5 is varied by 
changing the tension of spring 7 by means of the screw of 
zero adjustment 8 until the output pressure is 1.9 x 10* Pa 
(0.2 kgf/cm?). Then the maximum pressure is set again, and 
if it is not equal to 9.8 x 104 Pa (4 kgf/cm?) the transmission 
ratio of the transducer is selected by changing the position 
of screw 4 and bellows 7 of the feedback. After checking the 
points corresponding to the end readings of the scale, the 
differential-pressure gauge is checked in ten points every 
10% of full scale (i.e., in points 10, 20, 30, 40, 50, 60, 70, 
80, 90 and 100% of full scale) by developing in the high- 
pressure chamber the pressure corresponding to the points 
being checked. The output pressure must be in agreement 
with the readings at the points being checked: 2.7 x 104, 
3.5 x 10*, 4.3 x 10*, 5.1 x 104, 5.9 x 104, 6.7 x 104, 
7.5 x 10‘, 8.3.x 104, 9.1 x 10* and 9.9 x 10* Pa (0.28, 
0.36, 0.44, 0.52, 0.60, 0.68, 0.76, 0.84, 0.92 and 1.00 kgf/cm?). 
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Metal-diaphragm differential-pressure gauges. These are 
used to measure pressures in two media simultaneously to 
obtain a difference between these pressures. The gauge is 
fitted with two tubular springs each of which is coupled to 
a sector-type transmission mechanism and has a separate port 
to admit the corresponding pressure. A pointer is fitted on 
the shaft’s pinion of one transmission mechanism, and the 
shaft of the other transmission mechanism concentric with 
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Fig. 24. Differential-pressure gauge, Type MDM 


i—upper capsule; 2—capillary tube to fill the inner cavities of the capsulesy 
3—lower capsule; 4—high-pressure jchember, 5—shaped pad; 6—low-pressure 
chamber 


the pointer shaft carries a scaled disc with an index. The 
pointer and index indicate on the outer scale the measured 
pressures, while the pointer on the scale disc indicates the 
pressure difference. 

Differential-pressure gauge, Type MDM (Fig. 24). The 
pressure sensing element of the instrument is an upper, J, and 
a lower, 3, metallic capsules. Concentric circular corrugati- 
ons make the diaphragm highly sensitive to pressure drop. 
Shaped pad 5 with apertures to fill the inner cavities of the 
capsule with inert liquid through capillary tube 2 is placed 
between the capsules. Because of the fact that the inner 

5* 
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cavities of capsules 7 and 3 and those of the apertures in pad 5 
are filled up, an integrated diaphragm system results. Under 
the action of the pressure difference between high-pressure 
chamber 4 and low-pressure chamber 6, this diaphragm unit 
expands or contracts, thereby displacing the moving element 
of the instrument, coupled with the index or the electric 
transmitter of a remote indication system. 

The characteristic feature of the differential-pressure 
gauges, Type MDM, is the presence of pad 5 and capsules / 
and 3 with identical corrugated surfaces. With no liquid in 
the inner cavities of the capsules or under conditions of 
overload, the capsules do not deform, only get pressed against 
the shaped surface of the pad. 

The Soviet makers turn out differential-pressure gauges, 
Type MDM, for the nominal pressure up to 980 x 10+ Pa 
(100 kgf/cm”) and pressure differential 13,300 to 133,000 Pa 
(100 to 1000 mm Hg). The following range of the MDM instru- 
ments are commercially available: indicating MDM5 
instrument; indicating MDM8 instrument with integrator; 
indicating MDM13 instrument with an electric transmitter; 
recording MDM1 instrument with a synchronous motor; 
recording MDM2 instrument with a clock mechanism; 
recording and indicating MDM3 instrument with a synchro- 
nous motor; indicating MDM4 instrument with a clock mecha- 
nism; indicating and recording MDM7 instrument with an 
integrator; indicating and recording MDM12 instrument 
with an electric transmitter; recording MDM9 instrument 
with an additional pressure recording and a synchronous mo- 
tor; recording MDM10 instrument with an additional pres- 
sure recording and a clock mechanism; scale-free DM3 instru- 
ment with an inductive transmitter designed for a static 
pressure of 2450 x 10* Pa (250 kgf/cm?) and a pressure drop 
from 630 to 16,000 Pa (63 to 1600 mm H,0). 

The specification for the differential-pressure gauges, 
Type MDM, is given below. 


Working deflection of the diaphragm, mm . ,. from 2 to 5 
The basic permissible indication error at 20 + 

+ 5°C, % of the maximum pressure drop 1.5 
Permissible time lag of the recording chart feed 

over a period of 6 hours at a frequency of 

50 Hz, min .........5006+26 +4 
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Permissible error of integrator indications, 

% of the actual value of flow rate, corres- 

ponding to the point being checked . . . + 2.5 
Permissible error of the transducer complete 

with a secondary instrument, % of the ma- 

ximum pressure drop at 20 + SG eas + 2.5 
Complementary error of the transducer with 

40 to 60°C deviation of the ambient tempe- 

rature from 20°C, no more than ... . . half the basic error 
Air temperature at the place of mounting 

secondary aetruments at a relative humidity 


30Jto"80%, °C ww ee ee 40 to 35 
Mass, ko) kein, Gere ak Se eae 35 
Modification ...........+42848-4 standard 


In MDM1, MDM3, MDM9 instruments, the chart is dri- 
ven from a synchronous motor, Type SD-60, supplied from 
220-V, 50-Hz a.c. mains. The motor power is 13 V A. The 
induction coils of the transducer and secondary instrument 
are connected into the common circuit with an electronic 
amplifier and fed a 25-V voltage. 

Differential-pressure gauges, Type MDM, operate com- 
plete with secondary instruments of the following modificati- 
ons: indicating and recording VEP1 instrument; indicating 
and recording VEP2 instrument with a contact three-positi- 
on arrangement; indicating and recording VEP3 instrument 
with an integrator; indicating and recording VEP9 instru- 
ment with an integrator and a contact three-position arran- 
gement. 

Diaphragm-type differential-pressure DM gauges with 
a standard output signal are designed to measure pressure dif- 
ference and also to measure various process variables, such 
as level, flow rate and the like, which can be found from 
variations in pressure difference. The instrument can opera- 
te complete with differential-transformer instruments KSD-3, 
KSD-2 and other models, and also in conjunction with the 
computers of centralized controlin automatic process control 
systems. The process fluids are gases and liquids noncorrosive 
to copper-based alloy, carbon and stainless steels, and the 
36NKhTYu alloy. The differential pressure gauges of the 
DM type are produced in conformity with TU 25-07-360-68. 
The specification for the instruments is given below with 
the ranges listed in Table 20, and the overall dimensions 
shown in Fig. 25, 
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Fig. 25. Overall dimensions of the DM differential-pressure gauge, 
models 3574 (and 3566) 
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Accuracy class of differential-pressure 
gauges, models: 


3573 and 3574 ......4... 1 and 1.5 
BOO 2s 5 setae Gog ow hel eat we 1.5 
Output.” 22 eS ees Ee Ae mutual inductance of the 


primary and _ seconda- 
ry circuits of the diffe- 
rential transformer 


Loss angle, degrees ......... 7+1 
Transition time of the output signal, s, 
no more than .......... 4 
Current in the primary circuit of the 
transformer: 


H 
Impedance of the primary circuit, ohms 90 + 5 
Ambient temperature at a relative hu- 
midity up to 80%, °C ....... 5 to 45 
Mass of differential-pressure gauges, 
models, kg, no more than: 


BOlOl a bests Bogs Ae Se Book, (@O Bae 1.65 

S514 eo eo ie BH eae, ee ae Se a 3.00 

S582) veo sec ae re: cee a ea we ae Jae 2.20 
Modification .........46-. standard 


3.7. Seals and Condensing Chambers 


Seals. When the properties of a process fluid or operating 
conditions do not allow direct connection of the differential- 
pressure gauge to the pipeline at the location of a primary 
element (restriction), for example, when measuring flow rates 
of corrosive liquids and gases, pressure is transmitted to 
the gauge through a sealing fluid bled into the gauge and 
portions of connecting lines between the sealing containers 
and the pressure gauge. The seals must be placed close to 
the primary elements. 

The sealing fluid must not react with the test medium, 
produce sediments or influence the material of the connecting 
lines, seals or the pressure gauge. Common sealing fluids 
are water, water solution of sodium, light mineral oils, 
glycerin, a mixture of water and glycerin, etc. Depending on 
the relationship of the densities of the test medium and the 
sealing;fluid, the former is delivered either to the upper or 
the bottom portion of the seal, The installation scheme for 
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the seals is shown in Fig. 26. Models P-241, P-236, A and B 
are commercially available protecting seal types. Seals 
P-236 and B are used if the density of the test medium is 
higher, and types P-241 and A are used if it is lower than 
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Fig. 26. Installation scheme for protecting seals 


1—protecting seals with the density of the sealing liquid higher than the density 

of the test medium; 2—valve of a low-pressure chamber; 3—flow restricting 

orifice plate; 4—valve of a high-pressure chamber; 5—protccting seals with the 

density of the sealing liquid less than the density of the test medium; 6—equaliz- 
ing valve 


the density of the sealing fluid. The seals are rated for a pres- 
sure of up to 1580 x 10* Pa (160 kgf/cm?), their length is 
170 and diameter 115 mm. 

Condensing chambers are available complete with diffe- 
rential-pressure gauges. They are made as extensions of sea-~ 
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ling containers (high-pressure and low-pressure chambers) 
and installed in the immediate vicinity of the orifice plate 
to maintain a constant level of the condensate above the le- 
vel of the liquid filling the pressure gauge. 

The condensing chambers and the sidewall ports in them 
must be at a strictly constant elevation; for this purpose 
they are paired and rigidly connected to one another. The 


70 differential- 
pressure gauge 


Fig. 27. Installation scheme for condensing chambers 
1—equalizing valve; 2—valves; 3—condensing chambers 


condensing chambers must have sufficient volume for the 
condensate level to be always within the chamber when flow 
rate changes. The installation scheme for the condensing 
chambers is shown in Fig. 27. 

The condensing chambers are produced of three types: 
cast iron for the nominal pressure 158 x10* Pa (16 kgf/cm?), 
steel welded rated for 980 x 10* Pa (100 kgf/cm?), and those 
made from molybdenum steel designed for 1980 x10* Pa 
(200 kgf/cm?). Besides, the Teploavtomat Works (Kharkov) 
manufactures condensing chambers of Type SK-1 with pres- 
sure ratings up to 1580 x 10* Pa (160 kgf/cm’). 
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3.8. Flow-restricting Devices and Their 
Installatien 


A constriction in the path of the flow (flow-restricting pri- 
mary elements) installed in pipelines induces a pressure 
drop the magnitude of which is proportional to the flow rate. 
This pressure drop is measured by a differential-pressure gau- 
ge. When measuring flow rate by the method of a variable 
pressure drop it is of primary importance to properly design 
and select a flow-restricting primary element. 

These include a conventional orifice plate, flow nozzle, 
Venturi tube and Pitot tube. The orifice plates are those 
most commonly used in industry. In design, they are essen- 
tially flat discs with concentric, eccentric or segmental ori- 
fices. In the presence of suspended solids in the flowing fluid, 
eccentric and segmental orifice plates are used. The orifice 
plates are clamped between flanges of the pipe. They are 
accessible for inspection, convenient in operation and repla- 
cement, and in handling when the plant is switched over to 
a different output, etc. The orifice plates can be manufactu- 
red immediately at the petroleum processing and petro- 
chemical plants. 

Pressure loss at the orifice plates installed in the pipe- 
lines is greater than that at the flow nozzles and Venturi 
tubes. This pressure loss results from abrupt variations of 
the cross-sectional area of the fluid stream passing through 
the restrictions. 

Orifice plates, flow nozzles and Venturi tubes are instal- 
led at the pipelines of round cross section of minimum 50 mm 
in diameter for the orifice plates and flow nozzles, and not 
less than 100 mm for the Venturis. Pipeline of more than 
400 mm (up to 800 mm) use thin-plate orifices or Venturi 
tubes. , 

Prior to installation, all the flow-restricting primary ele- 
ments are checked against the design data andthe parts 
list. 

The checking includes the following operations: a check 
on the pipeline diameter and place of the primary element 
installation; the grade of the primary element material, 
a check on pressure, temperature and corrosive properties of 
the process fluid, direction of the stream and correct dispo- 
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sition of the plus and minus designations on the primary 
element case, correspondence of the primary element number 
to the number of the differential-pressure gauge. 

If the primary device is designed to meter the flow of 
ammonia and oxygen, it is thoroughly degreased with car- 
bon tetrachloride. 

Orifice plates, flow nozzles and Venturis should be in- 
stalled very carefully. Complementary errors which do not 
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Fig. 28. The minimum required straight runs of pipe preceding a 
flow-restricting element (explained in the text) 


lend themselves to being taken account of arise when the 
primary devices are not installed properly. They are parti- 
cularly appreciable when, for example, a flapper ahead of 
the device is partly elosed. 

Prior to installing the primary element, it is essential 
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to make sure that there are straight runs of pipe both pre- 
ceding and following the element. Length /, (Fig. 28) of the 
straight run following the element must be no less than five 
diameters, D, of the pipeline, i.e., 2, = 5D. Length J, of 
the straight run upstream of the element is chosen in accor- 
dance with the type and amount of local obstructions. If 
pressure tapping is made without annular chambers, then 
the calculated straight runs of pipe preceding the element 
must be doubled. 

The actual mean value of the pipeline inside diameter, 
D, is found as the arithmetic mean of the results of measu- 
ring the inside diameter in two cross sections, namely that at 
the location of the primary element and within 2D of it. 
In each of the cross sections, measurements are taken in 
four diametral directions. The maximum deviations of the 
results of separate measurements from the design mean pipe- 
line diameter with the ratio of the orifice diameter, d, to the 
mean pipeline diameter, D, i.e., with m = d/D > 0.55, 
must not be over +0.5%, and with m = d/D <0.55, must 
not be more than +2% of the pipeline diameter. 

Orifice plates, flow nozzles and Venturi tubes are 
installed at a pipeline cleaned from dirt, traces of welding 
and other internal projections which distort the configu- 
ration of the stream. The planes of the flanges which hold 
the primary element in place must be parallel to each other 
and perpendicular to the pipeline centre line. In installa- 
tion, an accurate alignment of the pipeline and the primary 
element must be achieved. The sharp edge of an orifice plate 
and the oval portion of a flow nozzle or Venturi tube must 
face into the flowing fluid, the sealing gaskets must have 
no protruding portions into the pipeline. Pressure tapping 
upstream and downstream of the primary device in the 
horizontal and inclined pipelines is made from the top if 
the process fluid is gas or air, and from the side-wall taps, 
if it is liquid or vapour. 

When installing shut-off fittings in pressure tapping 
assemblies, the following rules must be observed: 

(1) the test medium must be fed under the rod; 

(2) when measuring flow rate of air, noncorrosive gases 
and liquids, the shut-off fittings are arranged immediately 
at the location of the pressure taps; 
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(3) in the case of vapour flow measurement the shut-off 
fittings are installed downstream of the condensing cham- 
bers; 


7, 
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Fig. 29. Installation of standard diaphragm on vertical (a) and 
horizontal (b) portion of pipeline with the nominal pressure of 
245 x 104 Pa (25 kgf/cm?) 


(4) when measuring flow rates of corrosive liquids and 
gases, the shut-off fittings must be placed between the pri- 
mary element and the condensing chambers. 
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Parts necessary for installing the primary devices at a 
pipeline (flanges, pins, nuts, gaskets) are chosen in accor- 
dance with the nominal pressure and temperature of the 
test medium. 


A 


Fig. 30. Installation of standard high-pressure diaphragm on hori- 
zontal portion of steam pipeline 


1—pins; 2—nuts; 3—steam pipeline; 4, 13—-pipe branches; 5, 12—annular chan- 

nel; 6—flange with high-pressure annular channel; 7—high-pressure port; 8—con- 

densing vessel; 9—valve; 10—low-pressure port; 11—flange with low-pressure 
annular channel 


Installation of conventional flow-restricting primary 
elements is illustrated in Figs. 29 and 30. 

To obtain the averaged pressure drop in the case of con- 
ventional thin-plate orifices, pressure taps are installed 
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upstream and downstream of the orifice in four diametrically 
opposite points along the pipeline perimeter. The pressure 
taps are connected into a common manifold as is shown in 


Fig. 31. 
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Fig. 31. Installation of standard flat orifice plate on gas pipeline 
over 400 mm in diameter 
1—20-mm valve; 2—moisture separator; 3—lock nut; 4—socket; 5—plug; 6—four- 
way union; 7—pressure tapping annular manifold; 8—flat orifice plate; 9—pipe 
to instrument; 10—25-mm valve; 11—gas pipeline 
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CHAPTER FOUR 
INSTRUMENTS FOR MEASUREMENT 
OF LEVEL 


Instruments for measuring. level may be arbitrarily broken 
down into the lollowing groups: instruments designed to 
maintain the constant level of liquid, those to keep the level 
at some mean state, and those to measure the level of a 
liquid-liquid interface. 

Various types of instruments for measuring level are 
used at the petroleum processing and petro-chemical plants. 
These are float type with floats lighter in weight or heavier 
(plumb-bob floats) than the liquid, differential pressure- 
gauge type, manometer type, level instruments with an 
elastic disc and the like. 

In modern industry where whole plants and complex 
enterprises are controlled by automatic control systems, 
it is of paramount importance to take account of the pro- 
ducts in stock. Level measurement in vessels is carried out 
with the use of up-to-date instruments. Specifications, dia- 
grams and descriptions of the plumb-bob float-type level 
measuring instruments which are the most popular in petro- 
chemical and petroleum processing industries are given in 
the sections to follow. 


4.1. Liquid-level Measuring Instrument, 
Type UED-9 


Performance of a liquid-level measuring instrument, Type 
UED-9. This is an electrical instrument capable of both 
local and remote indication of the level of liquefied gases 
(propane, propylene, butane, pentane, hexane, light gaso- 
line) in spherical and upright cylindrical pressure vessels 
{up to 245 x 10* Pa (25 kgf/cm?)]. The instrument is highly 
accurate, and suitable for taking commercial account of 
products. 

The: instrument is explosion-proof (V3G), and can be 
installed both indoors and outdoors in explosion hazardous 
locations of classes V-1a and V-1g, respectively, where explo- 
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sive gas and vapour mixtures with air may form when the 
technology requirements are not fulfilled. 

The UED-9 liquid-level gauge operates on the principle 
of a follow-up system. Suspended from the lower end of a fle- 
xible cable (of Kh18N9T steel) is a short cylindrical plumb- 
bob float (‘sinking float’) which is half immersed in the li- 
quid and ‘follows up’ its level. The instrument responds to 
a change in the float. weight which is indicative of the float 
position mismatch relative to the liquid level. The level 
to which the float is immersed varies with a change in the 
liquid level. As a result, an electrical system is cut on, 
which initiates, through a reversible electric motor, rota- 
tional motion of a special cylinder, and brings into ope- 
ration a local-reading counter and the synchro-transmitter 
of the remote indication system. 

The axis of rotation of the special cylinder is horizontal, 
and the float cable is wound around the cylinder (in a spiral 
groove). With this arrangement, the float moves upwards or 
downwards as the cylinder rotates until its weight reaches 
the original value, which occurs when the float is immersed 
in the liquid to the original depth. Simultaneously change 
the indications of the local-reading counter and the counter 
of a secondary instrument whose synchro-receiver is connec- 
ted with the synchro-transmitter of the liquid-level gauge. 
The direct reading of level is taken off a drum counter moun- 
ted on the liquid-level gauge, and remote redding is taken 
from a synchro-type secondary instrument, SVPU-5, con- 
nected to the liquid-level gauge by means of a cable. The 
instrument circuit enables connection of one more (dupli- 
cating) secondary instrument. 

The liquid-level gauge is installed directly on the vessel 
indoors or outdoors while the secondary instrument is 
mounted on a board in a heated explosion-safe location as 
it is usually not explosion protected. 

Specification for the UED-9 liquid-level measuring 
instrument is given below. 


Basic permissible error, mm ........-2-+4-+e-. +4 
Ranges im: 9-6 eta ee ee ke ae Rw Ww. Bohs 0 to 16 
Rate of measurement, mm/min ............. 200 


Resistance of each wire, ohms, no more than line 
between level gauge and main secondary instrument . . 
between secondary instruments Gere ew wiiehe reces 40) 
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Power consumed by the liquid-level 
gauge and secondary instrument, V A: 
at a constant level .... 9°. 100 
at a continuously varying level . . 150 
Time of continuous operation of the 
gauge and secondary instrument be- 


fore the first failure, h...... 5000 
Mean recovery time, h 
for level gauge ........-- 5 
for secondary instrument. 2 
Supply of the power circuit of the gauge 
and secondary instrument ..... from a.c. mains through a 


common isolating trans- 
former with a secondary 
voltage of 110 V and 
power of maximum 


100 VA 
Overall dimensions of the instruments, 
mm: 

UED-9 ..........4.. 722 x 680 x 510 

SVPU+So Mice gens) “gb: ated ee Ses 164 x 120 x 332 
Mass, kg 

UEBD=9: 9 oj ce. noc eee RS Aes about 14 

SVPU-B 23.58 ice Sek See eee eat os 0.45 


Temperature error, A, of the instrument in mm is found 
from the equation 


A= -+(X +0.012 x At x H) 


where X is half the absolute value of the basic error, mm; 
At is the absolute value of temperature difference, °C, 
given in relation to the normal temperature 20 + 5°C; 
H is the level measurement range, m 

The maximum distance between the level gauge and the 
secondary instrument and between the main secondary inst- 
rument and the duplicating one is defined by the resistance 
of the connecting conductors. 

The instrument may be used under the following service 
conditions: 

(1) test media include liquefied gases: propane, butane, 
propylene, pentane, hexane (propane-propylene and butane- 
butylene fractions), light gasoline and other non-corrosive 
liquids whose explosion hazardness does not exceed cate- 
gory 3 and group G, the maximum proportion of hydrogen 
sulphide is up to 2%; 


6* 


84 INSTRUMENTATION MANUAL 


2) density variation of the controlled liquids,in various 
vessels is within the range 0.5 to 1.2 g/cm* at 20°C; 

(3) maximum density variation of the controlled liquid 
stored in one vessel, conditioned by a change in the composi- 
tion of the product or the raw material, is %.05 g/cm; 

(4) temperature of the medium is from —40 to +100°C; 

(5) air temperature at the location of the liquid-level 
gauge is from —50 to +50°C, relative humidity is not over 
95 + 3%; 

(6) air temperature at the location of the secondary instru- 
ment is from 5 to 50°C, relative humidity is from 30 to 80%; 

(7) vibration frequency at the locations of the liquid- 
level gauge and secondary instrument is up to 25 Hz, ampli- 
tude is no,more than 0.1 mm. 

The bearing flange of the liquid-level gauge has a nominal 
diameter D,, = 200 mm, is rated for a nominal pressure of 
P, = 245 x 10* Pa (25 kgf/cm*), its connection dimen- 
sions are specified in GOST 1234-67. 

To connect the level gauge to a.c. mains and to the secon- 
dary instrument, the PRTO-500 conductor is used with a 
cross section of 1.5 mm®*, or a conductor in common rubber 
sheathing, type RPSh-220 of 8 x 1.5 cross section. In both 
cases the conductors must be laid in protective steel 1”-dia 
pipes. 

}Functional diagram of the liquid-level measuring ins- 
trument, Type UED-9. The primary element of the instru- 
ment is a cylindrical plumb-bob float, 7 (Fig. 32), suspended 
from a flexible cable, 2 (of Khi8N9T steel). The cable is 
wound on the cylindrical surface (in helical groove) of 
cylinder 8; the end of the cable passes around pulleys 5 
and 6 freely rotating about their axes.The axis pin of pulley 6 
is attached to beam 7 protruding externally of the case 
through sealing diaphragm 9 and secured to the case by 
means of flexible support 10 made up of two pairs of mutu- 
ally perpendicular flat springs forming a cross-leaf pivot. 
Fastened to the beam is rod JJ whose end has the shape of a 
ball in mesh with jaw 72 mounted on spindle 78. Block 19 
fitted on the other end of the spindle carries yoke 20 mo- 
vable between cores 21 and 22 of the induction transmitter 
chokes of the electric motor control circuit. Beam 7 is urged 
downward by spring 73 the other end of which is connected 
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to angle-shaped lever 14. The lever is capable of pivoting 
about fixed axis pin 75 by means of screw 17 because the 
other end of the lever is in engagement with movable nut 
16 fit on the screw. With this arrangement, the tension of 
spring 73 can be adjusted. 

Cylinder 8 is rigidly mounted on a spindle which extends 
through a stuffing box beyond the case; the other end of the 
spindle carries worm’}wheel 4 engaged with worm 2. The 


Fig. 32. Liquid-level measuring instrument, Type UED-9 
1—plumb-bob float; 2—cable; 3, 31—worms; 4, 23—-worm wheels; 5, 6—pulleys; 
7—beam; 8—cylinder; 9—diaphragm; 10—support; 11—rod; 12—jaw; 13— 
spring; 14—lever; 15—axis pin; 16—nut; 17—screw; 18—spindle; 19—block; 
20—yoke; 21, 22—cores; 24—electric motor; 25—reducing gear; 26—drum’coun- 
ter; 27—synchro-transmitter; 28—braking arrangement; 29—pin; 30—armature 

of electromagnet 


worm is driven from reversible electric motor 24 through 
reducing gear 25. The same reducing gear imparts rotational 
movement to the rotor of synchro-transmitter 27. Direct- 
reading five-digit drum counter 26 is connected with the 
synchro-transmitter. Braking arrangement 28 which stops 
the mechanism when the instrument is disconnected jfrom 
the supply during the motor operation, is fitted on the left- 
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hand end of the spindle of the synchro-transmitter rotor. 
When the instrument is de-energized, armature 30 of an 
electromagnet is released, and pin 29 of the armature stops 
the disc of the braking arrangement by occupying the posi- 
tion inbetween the disc teeth. 

Beam 7 with rod 77 is a three-arm lever of the first order 
hereinafter referred to as the balance beam. It is capable 
of pivoting about the rotational centre of the cross-shaped 
hinge because of the flexibility of the sealing diaphragm. 
Vertical force equal to the doubled weight of float J is ap- 
plied to the left-hand arm of the balance beam, and the ten- 
sion force of spring 73 is applied to the right-hand arm. 
When these forces are in equilibrium beam 7 is in a hori- 
zontal position, and yoke 20 connected with it through rod 77, 
jaw 12 and spindle 78 occupies a midway position between 
cores 2/ and 22. With this position of the yoke, the control 
circuit does not start the electric motor. 

The tension of spring 73 is adjusted by screw 17 so that 
the balance beam is in equilibrium position when the float 
is immersed into the liquid to 10 mm. A rise in liquid level 
causes the float to become lighter with the result that the 
balance is disturbed, the balance beam turns in a clockwise 
direction, yoke 20 approaches the right-hand core of the 
induction-type transmitter and the electric motor control 
circuit operates. The electric motor actuates cylinder 8 which 
rotates in a clockwise direction, thereby raising the float. 

The float rises until it again is immersed to 10 mm. The 
state of equilibrium thus restores and the yoke occupies the 
midway position. This causes disconnection of the electric 
motor and operation of the electrical braking circuit, becau- 
se of which rotation of the motor by inertia is prevented and 
the float does not get out of equilibrium. A drop in liquid 
level causes the yoke to approach the left-hand core and the 
electric motor to rotate in the opposite direction so that 
the float sinks. The motor is retarded and shut down to the 
same scheme as that used for raising the float. 

Thus, the instrument is designed so as to enable the float 
to follow up continuously the level of liquid. The reduction 
ratios of the instrument and the diameter of cylinder 8 are 
chosen so that one rotation of the input spindle of the syn- 
chro-transmitter 27 corresponds to the float movement 
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through 1 mm, and one rotation of drum counter 26 cor- 
responds to the 10-mm displacement of the float. Therefore, 
counter 26 and the counter of thé secondary instrument con- 
nected through a 1:10 transmission gear to the synchro- 
receiver coupled by means of a cable to synchro-transmitter 
27 display the measured level in mm. 

Checking mechanism. Screw 17 with nut 16 and lever 14 
form a checking mechanism designed to determine the true 
position of the float relative to the liquid level. This is 
effected in the following way. The original indication of the 
direct-reading drum counter is noted, and screw 17 is turned 
by a special wrench, which is included in the instrument 
set, through 90° in a clockwise direction. In so doing, the 
tension of spring 73 is increased, and the balance of the 
balance beam is disturbed, the electrical circuit operates 
and the float rises by 1 mm to a new position of equilib- 
rium. This procedure enables one to make sure that the float 
is in the region of the liquid level. By turning screw 17 
further in the same direction and watching the variations 
of the counter readings a condition is attained at which 
the float leaves the liquid completely and the instrument 
comes no more to the state of equilibrium, i.e., the electric 
motor is not stopped and the counter readings grow inces- 
santly. 

When the reading exceeds the original value by 100 to 
150 mm screw 17 must be slowly turned in a counter-clock- 
wise direction until the motor shuts down and the counter 
stops. In this position the spring counter-balances the float 
which is now in the gas-filled space of the vessel. Screw 17 
must be turned on in a counter-clockwise direction still 
more slowly up to the moment the electric motor is started 
to lower the float and the counter readings begin to decrease. 
After that one must wait till the motor shuts down and the 
counter stops which occur when the lower end of the float 
touches the surface of the liquid. Then the counter readings 
are noted. By subtracting the original value of the level 
from this reading we can find the depth to which the float 
was immersed and what should have been the true reading 
of the counter. Thereupon screw 17 is smoothly turned in a 
counter-clockwise direction until the counter is set to the 
required reading. 
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Installation of the UED-9 liquid-level instrument. To 
install the instrument, a special flanged connection with 
D, = 200 mm rated for P, = 245 x 10* Pa (25 kgf/cm?) 
is provided on top of a storage vessel. Inside the vessel, an 
upright protecting perforated pipe extending through the 
entire height of the level being measured is welded to the 
connection. When mounting the liquid level instrument on a 
horizontal cylindrical tank with a diameter of not more than 
4000 mm, the inside diameter of the protecting pipe must 
not be less than 200 mm. For spherical tanks (dia up to 16 m), 
the pipe diameter should be no less than 300 mm and is to 
be welded to the connection with D, = 200 mm through 
a bell portion. The bottom end of the pipe is secured by 
means of three bolts screwed into a protecting ring welded to 
the tank bottom through corner plates. 

Near the liquid-level instrument a barrier must be erected, 
and in the case of a noticeable slope, a horizontal area for 
the operator should be provided. 

The instrument is mounted on the vessel connection 
through a wedge-shaped shutter with D, ='200 mm, P, = 
= 245 x 104 Pa (25, kgf/cm?), such as the one of the 30s64nzh- 
type, and an extension 600-mm high spool made as a pipe 
length, 219 x 10jmm, with the respective flanges welded 
to the ends. The arrangement is packed with paronite gas- 
kets. 


4.2. Level-measuring Instruments 
of the Unified GSP System 


Float-type scale-free level-measuring instruments of the 
GSP system (State Unified Instrumentation System) (Fig. 33 
and Table 21) are designed to measure continuously the level 
of liquid, which is under atmospheric, gauge or vacuum- 
gauge pressure, and translate it into a proportionate output 
signal for remote indication: UB-P converts it into a pneu- 
matic signal (4.9 xX 10* to 9.8 x 10* Pa, 0.2 to 1 kgf/cm’), 
UB-E and UB-ch convert it, respectively, into a current 
(0.5 or 0-20 mA) and a frequency (1500 to 2500,Hz) signal. 

Float-type level-measuring instruments form part of 
a unified system of pneumatic and electrical interchangeable 
transducers of the GSP system and are designed to operate 
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complete with secondary instruments, regulators, computers 
of centralized control and other automatic control elements 
responsive to normalized inputs: pneumatic (GOST 9468-60), 
direct current or voltage (GOST 9895-61) and alternating- 
current frequency. The level-measuring instruments of this 


Table 21 


Technical Data Given to Facilitate the Choice 
of the Liquid-level Instrument Type 
in Accordance with the Size of Process Equipment 


Float size, mm 


Instrument type (see Fig. 33) 
mgt oe a pt 
UB-P1 UB-E1 UB-Ch1 140 40 
UB-P2 UB-E2 UB-Ch2 80 100 
UB-P3 UB-E3 UB-Ch3 45 200 
UB-P4 UB-E4 UB-Ch4 45 400 
UB-P5 UB-E5 UB-Ch5 28 600 
UB-P6 UB-E6 UB-Ch6 28 800 
UB-P8 UB-E8 UB-Ch8& 16 1625 
UB-P9 UB-E9 UB-Ch9 — 0-2 14 2000 
UB-P10 UB-E10 UB-Ch10 _ 0-2.4) 14 2400 
UB-P11 UB-E11 UB-Ch14 — 0-3 14 3000 
UB-P12 UB-E12 UB-Ch12 _ 0-4 14 4000 
UB-P13 UB-E13 UB-Ch13 - 0-6 8 6000 
UB-P14 UB-E14 UB-Ch14 _ 0-8 8 8000 
UB-P15 UB-E15 UB-Ch15 —_ 0-10 8 |40,000 
UB-P16 UB-E16 UB-Ch16 — 0-16 8 |16,000 


type rely upon the force-balance principle. They are unit- 
constructed instruments employing standard transmitters 
adjustable for various level ranges. 

The maximum allowable static pressure is 980 x 104 Pa 
(100 kgf/cm*), the threshold sensitivity is maximum 0.05% 
of the range, the basic error is +1% of full scale. 
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View A 
4 holes 16 dia 


Fig. 33. Overall dimensions of float-type level-measuring instruments, 
Types UB-P, UB-E and UB-Ch 


4.3. Remote Liquid-level Indicators, 
Type DIU 


These instruments are designed for continuous measurement 
of the level of interface between liquid and gaseous phases 
in vessels (apparatus) under a pressure of up to 3136 x 10* Pa 
(320 kgf/cm?). The presence of explosion-proof transducers 
DEV1-S4A allows the instruments to be installed in areas of 
class V-4a where explosive mixtures of category 4 and group A 
may form. A secondary instrument is installed in explosion- 
safe location within a distance of maximum 250 m of the 
transducer. 

The complete set of the remote level indicator consists of 
transducer / (Fig. 34) and secondary instrument 2. The trans- 
ducer is essentially weld vessel 7 made of steel grade Steel 20, 
which encloses sectional float 6 from aluminium alloy AD-4 
connected by means of a rod with core 4 made of the Armko 
steel. 
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The operating principle of the level indicator resides in 
that with changing liquid level the buoyant force varies, 
and hence the position of float 6 suspended from spring 5 


Electrical connection line 
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Fig. 34. Schematic diagram of the DIU remote level indicator 


1—transducer; 2—secondary instrument; 3—rod; 4—core; 5—spring; 6—float; 
7—case 


and partially immersed in the liquid. The float displaces rod 3 
on the other end of which is fixed core 4 placed in the field 
of an induction coil. The displacements of core 4 cause varia- 
tion of the emf induced in the coil sections. Secondary instru- 
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ment 2 indicates these variations in terms of the level. The 
technical characteristics of the level indicator are given 
below, other data are summarizéd in Table 22. 


Medium being measured and controlled non-corrosive to steel 
grade Steel 20 and alu- 
minium alloy AD-1 

Working pressure, Pa (kgf/cm?), not 


more than ........4..-.. 3136 x 104 (320) 
Temperature limits, °C ....... from — 30 to +60 
Nominal inside diameter, mm .... 145 
Secondary instrument supply ..... 427/220-V, 50-Hz alternat- 

ing current 
Type of explosion protection. .... A 
Error, % of full scale. ....... +5 


Distance between the transducer and 
secondary instrument (along the line), 
m, maximum .......... 


4.4. Electronic Level Indicator 
of Type EIU 


The indicator is designed for continuous remote measurement 
of the level of liquid and loose media. The controlled me- 
dium may be liquids (water, acid and alkaline solutions, mi- 
neral and plant oils), powder materials (chalk, moulding 
powders) and granular materials (chemicals). 

The instrument depends for its operation on measuring 
the capacitance of sensing element 3 (Fig. 35), which varies 
with the level of the controlled medium. The capacitance of 
the sensing element is measured by the unbalanced induc- 
tance-capacitance bridge circuit method. 

The instrument set includes measuring arrangement /, 
capacitive sensing element 3, remote level indicator 2 and 
connecting coaxial cable 4. All the units of the measuring 
arrangement are assembled on a common carriage which 
is attached to a pressed spraytight case. 

The capacitive sensing element is an electrode immersed 
in the measured medium. By the electrode structure, the 
sensing elements may be divided into rod- and cable-shaped 
to measure conducting liquids, and flat-type for liquids 
and loose media with a low dielectric constant. The sensing 
elements for measuring corrosive conducting media have an 
electrode insulated with polyethylene or fluorine plastic. 
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The sensing element is connected with the measuring arrange- 
ment by a coaxial cable with radio-frequency connector. 
Errors in measuring level depend on the properties of the 
measured medium (viscosity, liability to film formation and 
crystallization), variation of the dielectric constant of the 


Fig. 35. Electronic level indicator, Type EIU (explained in the text) 


medium with temperature and on the changes in the com- 
position of the medium. Before the instrument installation 
all these factors must be considered. For a complementary 
error to be established, the instrument must be calibrated 
in the particular operating conditions. The basic instrument 
error does not exceed +2.5% of full scale. The ranges of the 
instruments with different sensing elements are given below. 

The instrument is unfit for operation in explosion-hazar- 
dous areas, under the conditions of jolts, vibration, im- 
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Sensing element Range, mm 
Rod-shaped ... . from 0 to 1000, 1600, 2000 
Flat * 0s a4 Ss from 0, to 1000, 1600, 2000 
from 0 to 2500, 3000, 3500, 4000, 

4500, 5000, 6000, 7000, 8000, 

9000, 10,000, 16,000, 20,000 
pacts, and in a viscous crystallizing medium. The length of 
the coaxial cable connecting the sensing element with the 
measuring arrangement is 10 or 20 m (depending on the order). 
The output of the instrument is a voltage signal in the range 
from 0 to 100 mV applied to an indicating potentiometer. 
The maximum allowable pressure of the medium is 245 x 
x 10¢ Pa (25 kgf/cm*), the temperature of the medium is 
from —60 to +250°C, the ambient air temperature is from 
—40 to +50°C at a relative humidity maximum 80%. 
The instrument is supplied from 220-V, 50-Hz a.c. mains. 
The power consumption is 60.V A. 


CHAPTER FIVE 


TEMPERATURE-MEASURING 
INSTRUMENTS 


5.1. General 


Most processes in petroleum processing and petro-chemical 
industries proceed with heat evolved and absorbed. Therefore, 
temperature measurement and control is a task of particular 
importance for the control instrumentation services. 

Potentiometers in combination with thermocouples (ther- 
mo-electric thermometers), balanced bridges with resistance 
thermometers, and manometric thermometers are the instru- 
ments used in the main to measure temperature on the process 
plants in petro-chemical and petroleum processing indu- 
stries. 

High measurement accuracy and recording rates of 
electronic potentiometers have made them most popular as 
temperature-measuring devices (on some process plants, 
temperature control of the upper portions of the fractiona- 
ting columns for individual hydrocarbons is carried out to 
an accuracy of +0.1°C). 
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Electronic potentiometers, both indicating and recording, 
are based on the automatic standardization of the current 
flowing through the potentiometer circuit and continuous 
compensation of the thermocouple e.m.f. 

The potentiometers operate in conjunction with ther- 
mocouples. The correct choice of the thermocouple pro- 
tecting tube is as important as the choice of the thermocouple 
type, because the life of the couple is dependent on the 
quality of the tube. The protecting tubes should meet the 
following requirements: they should withstand high tem- 
peratures, be resistant to oxidizing and reducing gases, 
withstand considerable temperature variations. 

Thermocouples and potentiometers are interconnected by 
means of compensating cables. Actually, these cables do not 
compensate for anything, they only extend the thermocouple 
so that its cold junctions become the potentiometer ter- 
minals. Ambient temperature variations and hence the 
cold junction of the couple are compensated within the 
instrument through different methods. The relevant devices 
are known as cold junction automatic compensating 
means. 

The main requirement to the compensating cables is 
the similarity of the thermoelectric characteristics of the 
cables and the thermocouple within the temperature limits 
of the air surrounding the cables at the place of their con- 
nection to the thermocouple. 

The resistance thermometers are used in the main for ac- 
curate measurement of low temperatures. They operate in 
conjunction with balanced bridge circuits. 

The manometric thermometers are subdivided into liquid- 
filled, vapour-filled and gas-filled thermometers. 


5.2. Electronic Instruments for Temperature 
Measurement 


Single-point automatic electronic potentiometers. Poten- 
tiometers of group EPP are designed to measure temperature 
or other nonelectrical quantities which have been converted 
into d.c. voltage by means of transducers. Models, ranges 
and calibration types of the instruments are summarized 
in Table 23. The input circuit resistance must not be over 
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Table 23 


Ranges and Calibration Types*of the Potentiometers 


of Group EPP 
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100 ohms (with the exception of high-resistance potentio- 
meters). 

Figure 36 is a schematic diagram of a single-point indi- 
cating potentiometer. The measurement is based on the 
self-balancing method. The e.m.f. of thermocouple 7 is 
compared with the voltage across points AB of a bridge 
circuit, R,-R,. Connected across points CD of the bridge 
is a stabilized voltage source, 3 (of types ISN, SN), sup- 
plying direct current to the measuring circuit. In operation, 
the difference of the e.m.f. of 
the thermocouple (or some 
other transducer) and the vol- 
tage taken from points AB of 
the bridge circuit is fed to an 
electronic amplifier, 4. If the 
e.m.f. being measured equals 
this voltage, the signal at the 
amplifier input is zero, and 
the measuring system is said 
to be in balance. With a va- 
Fig. 36. Schematic diagram of riation of the e.m.f., the sys- 
single-point indicating poten- tem becomes unbalanced, and 
1—thermocouple; 2—slidewire; 3— aN unbalance d.c. voltage is 
seabed voliage fampuities, ¢., fed to the input of amplifier 
symbols are explained in the text 4. It isconverted bya vibrator 

into an a.c. voltage, is amp- 
lified and actuates a reversible motor, 5, which in turn 
moves the slider of a slidewire, 2, until the difference bet- 
ween the e.m.f. being measured and the voltage across points 
AB is less than the threshold of the amplifier response. As- 
sociated with motor 5 is a pointer, 6, which sweeps over a 
scale. The scale is calibrated in °C (in the case of a ther- 
mocouple or a radiation pyrometer), or in some other units 
when the instrument operates in conjunction with other 
kinds of transducer. 

Recording potentiometers are provided with recording 
devices. Records are made on a disc-shaped or a strip chart 
driven by a synchronous motor. In a single-point instrument, 
recording is made by a pen which is mechanically coupled to 
the reversible motor of the potentiometer, in a multipoint 
instrument, by a printing carriage which simultaneously 
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prints out the measurement point or serial number of the 
transducers. 

Spark-proof potentiometers installed outside of the explo- 
sion-hazardous locations are available for operation with 
standard thermocouples which are placed in explosion- 
hazardous areas of classes V-1 and V-4a, containing explosive 
mixture concentrations of categories 1, 2, 3 and 4, groups A, 
B, G and D. 

In the presence of strong magnetic fields, the instrument 
must be connected through an isolating transformer, and 
each wire of the thermocouple be grounded through a capa- 
citor having a capacitance of 1 to SuF. For remote trans- 
mission of the readings, an auxiliary slidewire with a re- 
sistance of 300 ohms is commonly built into the instruments, 
the sliders of the measuring and the auxiliary slidewires 
being mounted on the same shaft. Thus, the position of the 
slider is determined by the value of the measured variable. 

The potentiometers intended for operation in combination 
with electrical static (proportional) and isodrome (propor- 
tional-plus-integral) controllers are made with a special 
rheostat-type point setter (the proportional band is 10, 20, 
or 100%). For positioning control and alarm condition dis- 
play, contact means are built into the instruments. Some 
models are supplied with pneumatic devices. The instru- 
ment cases enable the instruments to be wall or panel moun- 
ted. 

Electronic automatic indicating and recording potentio- 
meters, Type KSP-4, are intended for measuring tempe- 
rature and other process variables whose variations can be 
converted into a variation of a d.c. voltage. The instru- 
ments are manufactured in accordance with TU 25-07-184-67 
and GOST 7164-66. A typical specification for the KSP-4 
electronic potentiometers is given below. 


The basic permissible error, %: 
indications ...........4.. + 0.25 
recording  .. 1... 2. eee ewe 0.5 
Scale length and width of a strip chart, mm 250 
Ambient temperature at a relative humidity 


from 30 to 80%, °C .........4. 5 to 50 
Supply of the power Fin of the instrument from 220-V, 50-Hz 
a.c. mains 


7* 
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Supply of the measuring circuit ...... from a_ stabilized 
power source built 
into the instru- 
ment 

Power consumption, VA ......... 

The number of the measurement points ; 41, 3, 6, 12 

The speed of the strip chart movement, mm/h: 


single-point instrument, first row... . . 20, 60, 240, 720, 
1800, 5400 
single-point instruments, second row .. 200, 2400, 600, 
7200, 18,000, 
54,000 
multipoint instruments ........ 60, 180, 600, 1800, 
2400, 7200 
The strip chart length, m ......... 20 
Mass, kg, maximum ............ ‘ 
Design version .......+.+ see standard and export 
Table 24 


Ranges and Calibration Types of the KSP-4 Potentiometers 


Thermocouple type ones Range, °C 


TKhA (chromel-alumel) KhA 0-400; 0-600; 0-800; 0-900; 
0-1100; 0-1300; 200-600; 
200-1200; 400-900; 600-1100; 


700-1300 
TKhK (chromel-copel al-} KhK —50-50*; —50-100; —50-150; 
loy) —50-200; 0-100*; 0-150; 0-200; 
0-300; 0-400; 0-600; 200-600; 
200-800 


TPP (platinum/rhodium- PPi | 0-1300; 0-1600 


platinum) 

TNS (NK-SA alloy) NS 500-1300; 300-1000 
TPR (platinum/rhodium- | PR-30/6 | 1000-1800 
platinum/rhodiam) 


Note. The basic permissible error of the instruments marked with an as- 
terisk is +0.5%, of the instruments with the other ranges, +0.25%. 
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The ranges and calibration types of the KSP-4 potentio- 
meters are given in Table 24. . 

‘Multipoint electronic potentiometers. Automatic indi- 
cating and recording multipoint potentiometers of types 
PS1 and PSR1 are designed for measuring temperature, 
e.m.f., or d.c. voltage in two, three, six and twelve points 
of the measurand and are furnished with a control arrange- 
ment. The instruments operate in conjunction with ther- 
mocouples or transducers which are sources of e.m.f. or d.c. 
voltage and are used under stationary conditions. 

Instruments of types PS1 and PSR1 (standard version) 
can operate at an ambient temperature of 0 to 50°C and 
a relative humidity of 30 to 80%, PS1-T and PSR1-T inst- 
ruments (tropical version) are capable of operating at an 
ambient temperature of 0 to 55°C and a relative humidity 
maximum 92%. 

The measurement results are printed on the strip chart 
as separate points with the transducer serial number. The 
maximum difference between repetitive readings of the 
instrument does not exceed the basic error. The specification 
for the multipoint potentiometers is given below. 


The basic permissible error, %, no more 
than, for the instruments with the top 
reading (voltage): 
QO mV and more ......... + 0.5 
less thani0 mV ......... + 1.0 
Threshold of sensitivity, %, for the instru- 
ments with the top reading (voltage): 


10 mV and more ......... 0.4 
less than 10 mV... ...... 0.2 
Error of the contacts operation of the posi- 
tioning control arrangement, % of full 
Tange: sf ek es ee Oe os +1 
The basic permissible error of recording, % -+ 1.0 


16 
Supply of the instrument power circuit from 127-, 220-, 230-V, 
50-Hz a.c. mains 


Measuring circuit supply ....... from a built-in dry cell 
Power consumption, VA ....... 60 
Printing cycle,s ........... 3.2, 6.4, 12.8 
Speed of the strip chart movement, mm/h: 
regular strip ........... 20, 40, 60, 120, 240, 360 
additional strip ......... 80, 180, 480, 720 
Mass, kg, not over .......... 2.2 


Design version .........4.446-. standard and _ tropical 
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Table 25 
Ranges and Calibration Types of the Multipoint Potentiometers 
Transducer model fan tobe Ranges 
Chromel-alumel thermo- | KhA 0-600°C, 0-800, 0-1100, 200-600, 
couple 400-900, 600-1100°C 
Chromel-copel alloy ther- | KhK | —50-50°C, —50-100, —50-150, 
mocouple 0-100, 0-150, 0-200, 0-300, 0-400, 


0-600, 200-600°C 


Platinum/rhodium-plati- PP 0-4300, 0-1600°C 
num thermocouple 


0-10 mV, --10-10, 0-20, 0-50, 


E. m. f. generators MV 
0-100, —100-100 mV 


As the supply voltage varies by +10% and frequency 
by +5% of the rated value, the indication error does not 
exceed the basic error. 

With the strip chart moving 
at a speed of 480 and 720 mm/h, 
the chart-drive mechanism must 
be periodically adjusted to pre- 
vent the chart from sliding off 
the drum. 

The multipoint potentiome- 
ters are available with ranges sum- 
marized in Table 25. The models 
of the instruments are listed in 
Fig. 37. Circuit diagram of Table 26. 


balanced bridge of group EPP : , 
f-sudletanch! thertiowietaks a= Automatic electronic balan- 


amplifier; 3—reversible motor; ced bridges. Balanced bridges of 
St the wvinbols are clear trom group EPP are designed for mea- 
explanations in the text suring, recording and controlling 
temperature and other process 
variables whose variation causes a change of resistance. 
Ranges and calibration types of the bridges are summarized 
in Table 27. 
The instruments operate on the principle of automatic 


balancing of a bridge circuit (Fig. 37) made up of resistors R,, 
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Table 26 


Modifications of Automatic Recording Multipoint Potentiometers 
e 


Number pei hath Hieaeel 
s - ointer i 
Ane memene ee i mavenienit oT conene of Centro aebait 
points | .ocle s gement 

PS1-04 2 8 _— — 

PS1-04T 

PS1-05 2 2.5 _ _ 

PS1-05T 

psio6 = || 3 8 = = 

PS1-06T | 

PS1-07 3 2.5 _ - 

PS1-07T 

PS1-08 6 8 _ _- 

PS1-08T 

PS1-09 6 2.5 _ _ 

PS1-09T 

PS1-10 12 8 _ —_ 

PS1-10T 

PS1-11 12 2.5 _ _ 

PS1-11T 

PSR1-17 2 8 Three-position | Three-contact with 
for a_ single |a single set-point 
control point | device 

PSR1-18 | 3 8  |Same Same 

PSR1-18T | 

PSR1-19 6 8 Same Same 

PSR1-19T 

PSR1-20 12 8 Same Same 
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Tatle 27 
Ranges and Calibration Types of Electronic Balanced Bridges 


Se EPP 


R,, R,and R,. A change in the resistance of a thermometer, /, 
causes unbalance of the bridge circuit. The unbalance vol- 
tage is amplified by an amplifier, 2, up to a value sufficient 
to actuate a reversible motor, 3, which in turn by displa- 


Calib- 
ration 


Ranges, 
°C 
type 


EMV2 
EMD 
EMP, 
EMR 
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MFSM 
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Table 28 
Ranges and Calibration Types of Balanced Bridges, 
2 Type KSM-4 
Transducer type Non tre Ranges, °G 
Platinum TSP, resistance 20 0-300*, 0-400, 0-500, 0-650, 


at 0°C =10 ohms 300-650* 


—200 to —70, —-120-30, —70-180, 
0-100, 0-150, 0-200, 0-300, 
0-400, 0-500, 200-500 


Platinum TSP, resistance 21 
at 0°C +46 ohms 


—200 to —70, —120-30, —90-50, 
—70-180, —25-25, 0-50, 0-100, 
0-150, 0-200, 0-300, 0-400, 0-500, 
200-500 


Platinum TSP, resistance 22 
at 0°C=100 ohms 


—50-0*, —50-50, 0-50*, 0-150, 
50-100*, —50-100, 0-100, 0-180, 
0-60.4* (for vacuum measure- 


Copper TSM, resistance 23 
at 0°C=53 ohms 


ment) 
Copper TSM, resistance 24 —50-0, —50-100, —25-25, 0-50, 
at 0°C=100 ohms 0-150, 0-180, —50-50, 0-25*, 
0-100, 50-100 


Note. The basic permissible indication error of the instruments with ranges 
ae od asterisk is + 0.5%, of the instruments with the other ran- 
ges, + 0. (io 


cing the slider of a slidewire, 5, rebalances the bridge circuit. 
Pointer 4 is linked to motor 3. 

The bridge measuring circuit is supplied with a 6.3-V 
voltage from an amplifier in a.c. bridges, and with a 1.5-V 
voltage from a dry cell or a stabilized power source in d.c. 
bridges. Resistor R, serves to adjust the connecting line 
resistance to some definite value. For operation with trans- 
ducers located in explosion-safe areas, spark-proof d.c. 
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bridge versions are available, which are installed in common 
locations. 

Electronic automatic indicating and recording balanced 
bridges, Type KSM-4, are designed for operation in com- 
bination with resistance thermometers. 

The instruments are turned out in conformity with TU 
25-07-184-67 and GOST 7164-66. Ranges and calibration - 
types of the KSM-4 balanced bridges are summarized in 


Table 29 
Modifications of the KSM-4 Balanced Bridges 
Time of pointer Number of 
Instrument code movement across} measurement 
scale, s points 
Without control arrangement: 
42 .130.50.204 1.0 4 
42.140.50.205 2.5 4 
42 .160.50.206 10.0 4 
42.340.50.207 2.5 3 
42.360 .50.208 10.0 3 
42 .440.50.209 2.5 6 
42.460 .50.240 10.0 6 
42 .540.50.204 2.5 12 
42.560 .50.202 10.0 12 
With two- and three-position control 

arrangement: 

42.133 .50.214 1.0 1 
42.143 .50.203 2.5 1 
42 .163.50.215 10.0 1 


Table 28, their modifications are given in Table 29. The 
specification for the instruments is given below. 


The basic permissible error, %: 
indications ..........-004-. +0.25 and + 0.5 
recording ......+4.-.-5054008 + 0.5 

Scale length and width ofthe stripchart,mm 250 

Ambient temperature at a relative humidity 

from 30 to 80%, °C ..........- 5 to 50 
Supply of the instrument power circuit . . . from 220-V, 50-Hz 
a.c. mains 
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Power consumption, Vi AS. totdeee Ces cone a8 40 
Speed of the strip chart feed, “mm/h: 
single-point instruments ...a.... 20, 60, 240, 720, 
1800, 5400 
multipoint instruments ........ 60, 180, 600, 1800, 
2400, 7200 
Strip chart length,m ........... 20 
Mass, kg, no more than ......... 2.2 
Design versions st Od ka We cae, By Garam etait standard and export 


_Ratiometers. Ratiometers are moving-coil instruments 
designed for measurement, in conjunction with resistance 


(4) 


Fig. 38. Circuit diagrams of LPr-53M ratiometer connected to re- 
sistance thermometer 


(a) two-wire connection; (b) three-wire connection; 1—ratiometer; 2—resistance 
thermometer; 3—supply source; the rest of the symbols are clear from explana- 
tions in the text 


thermometers, of temperature and other nonelectrical quan- 
tities converted by transducers into a variable electric resi- 
stance. 

The circuit diagram of a ratiometer, Type LPr-53M, 
connected to a resistance thermometer is shown in Fig. 38. 
A change in the resistance of a thermometer forming an 
arm of a bridge circuit, R,-R.-R3-R5, causes variation of 
the current flowing through coils r, and hence the move- 
ment of the instrument pointer across the scale. 

Resistors R, and R, are intended for temperature com- 
pensation and variation of the pointer deflection angle. 
Resistor R, makes it possible to check the ratiometer indi- 
cations. 

With a three-wire connection of the resistance thermome- 
ters, each of the line wires which connects the thermometer 
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with the ratiometer, together with the respective equalizing 
coil Req, forms a separate arm of the bridge circuit (to im- 
prove the accuracy) and must ‘ave a resistance equal to 
half the line resistance marked on the instrument scale, i.e., 
2.5 or 7.5 ohms. With a two-wire connection circuit, the 
resistance of both wires of the connecting line, together with 
equalizing coil R.g, must be 2.5 or 7.5 ohms. 

Basic characteristics of the ratiometers are shown in 
Table 30. 


Table 31 

Technical Characteristics of Millivoltmeters 
Calibration type Exter- | Basic 
Type, and modi- °C % | reste | ton 


———,———_| tance, | error, 
COz }CO+He} ohm % 


KhK | KhA | PP-4 


Indicating: 0-300, |0-600 |0-1600 | 0-20 | 0-2 |0.6; 53} +1.5 
MPShchPR-54M 0-400 15; 25* 
MPP-054 0-600 |0-800, — | — |0.6; 5;) +1 
0-4100 | 15 
MP1-02M 0-400, }0-1300 _ _— — |0.6; 5; 
0-600 15 
+4.5 
= aa | — |49** 


MPShchR-53 | — | = 


* For calibrating PP-1, the external resistance is only 5 d hms. 
** Total value of the abit lied resistance. qoeven ane On 
*k% Basic error of recording is + 1.5%. 


SR pe, 
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Millivoltmeters. These are moving-coil instruments de- 
signed for measuring, in combination with thermocouples, 
temperature and other nonelectrical quantities converted 


3 
i a 
| F 
Fig. 39. Circuit diagram of thermocouple connected to millivoltmeter 


1—thermocouple; 2—compensating wire; 3—adjustment coil; 4—copper wire; 
5—millivoltmeter 


through the use of transducers into an voltage. Technical 
characteristics of the millivoltmeters are given in Table 31. 
The circuit diagram of a thermocouple connected to a milli- 
voltmeter is shown in Fig. 39. 


Table 32 
Modifications of Instruments of Group KS 
The number 


of measure- 
ment points 


Time of index 
movement across 


Type and modification 
ae scale, s 


Without control arrangement: 
48 130.50 .002 
48 .140..50.003 
48.160.50.004 
48 .340.50 .005 
48 .360 .50 .006 
48 .440.50.001 
48 .460 .50 .007 
48 540.50 .008 
48 .560 .50 .009 
With rheostat arrangement for remote 
indication: 
48.130.51 .010 1.0 
48 .140.51 .011 : 2.5 
48.160.51 .012 10.0 


= = = = 
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Automatic milliammeters of group KS. Electronic auto- 
matic indicating and recording milliammeters are intended 
for measuring temperature and other quantities whose varia- 
tions can be converted into a direct current variation. 


| 
= Wor 450 


Fig. 40. Overall dimensions of the instruments of group KS 


(a) front view (strip chart is seen); (b) side view (with protruding plate); (c) rear 
view 


The instruments are turned out in conformity with TU 
25-07-187-67 and GOST 7164-66. Their modifications are 
listed in Table 32; the overall dimensions are illustrated 
in Fig. 40. The specification for the instruments is given 
below. 


The basic permissible error, %: 


indications ..... 1... 5.2. ee ee + 0.25 
recording avin Boe ea @ Bite, eS + 0.5 
Range, mA ies Tale Sor teak “aut ae BS chee eee gasptlaleae Peak Mae 0 to 5, 0 to 20 
Scale length and strip chart width,mm. . 250 


Ambient temperature at a relative humidity 
from 30 to 80%, °C ......2.-.. . . 8 to 50 
Supply of the instrument power circuit . . . from 220-V, 50-Hz 
a.c. mains 
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Power consumption, VA ....... - . 40 
Output resistance, ohm ....... are e 12 04 
Strip chart length, m ........... 20 
Speed of strip chart feed, mm/h: 
single-point instruments, first row... 20, 60, 240, 720, 
1800, 5400 


single-point instruments, second row . . 200, 600, 2400, 7200, 
18,000, 54,000 


multipoint instruments ........ 60, 180, 600, 1800, 
2400, 7200 
Mass, kg, not over ........4..-..- 2.24 
Design version . 2... 1... ee ee eee standard and export 


Thermocouples. Thermocouples are used in conjunction 
with all the electronic instruments described above. Ther- 
mocouples with metal electrodes designed for measuring 
temperatures up to 1800 and 2500°C feature standard cali- 
bration types. Thermocouple materials are tungsten-molyb- 


198 Table 33 
Technical Characteristics of Thermocouples 
Range, °C 
Calibra- Thermoelectrode 
Model | tion type material long-term short-term 
use use 


TPP PP-1 Platinum/rhodium —20-1300 1600 
(10% of rhodium)-pla- 
tinum ; 

TPR PR-30/6 | Platinum/rhodium 300-1600 1800 


(30% of rhodium)-pla- 
tinum/rhodium (6% of 


rhodium) 
TKhA KhA Chromel-alumel —50-1000 1300 
TKhK KhK Chromel-copel —50-600 800 
TNS KhS NK-SA alloy 300-1000 — 


Notes. 1. The upper temperature limit for the case of a long-term use is given 
for wires with a diameter of minimum 0.5 mm for thermocouples 
with calibration types PP-1 and PR-30/6, and not less than 3.2 mm 
for thermocouples with calibration types KhA, KhK and NS (tempe- 
rature measured in air). 
2. The positive electrode in a thermocouple is the electrode whose ma- 
terial is given first in the designation (e. g., chromel). 
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denum, tungsten-rhenium, graphite-titanium carbide, grap- 
hite-zirconium boride. Each couple is individually cali- 
brated. ° 

Technical characteristics of thermocouples are summa- 
rized in Table 33. 

Resistance thermometers. Measurement and control of 
temperature by resistance thermometers is based on the 
dependence of the ohmic resistance of a conductor on tem- 


Table 34 


Resistance Thermometers Calibration Data at Different 
Temperatures, in ohm 


TSP | TSM TSP 
rature, with calibration types vempe-| with calibration 
i] ° 
24 |20 and 22| 23 | 2h 24 20 and 22 


—200 | 7.95} 17.28 _ — 200 81.43 | 177.03 
—150 | 17.85 | 38.80 - _ 250 89.46 | 195.56 
—100 | 27.44 59.65 | — _ 300 98.34 | 213.79 


—50 | 36.80 80.00 | 47.74 78.70 | 350 106.60 | 231.73 
0 | 46.00 | 100.00 | 53.00 | 100.00 | 400 114.72 | 249.38 

50 [55.06 | 119.70 | 64.29 | 121.30 450 122.70 | 266.74 
100 |63.99 | 139.10 | 75.58 | 142.60 500 130.50 | 283.80 


150 | 72.78 | 158.21 | 86.87 | 163.90 } 550 - 300.58 
180 |77.99 | 169.54 | 93.64 | 176.68 | 600 _ 317.06 
650 _ 333.25 


Notes. 1. For resistance thermometers with a calibration type 20, all the gi- 
ven values must be divided by 10. 

2. Permissible deviations of the thermometer resistance, measured at 
the terminals in the head at a temperature of 0°C, must not exceed 
the rated (given in the Table) value: +0.1% (class II) and +0.5% 
(class I) for the TSP instruments; +0.1% (classes II and III) for 
the TSM instruments. The accuracy class of the thermometer is stam- 
ped on its head. 

3. The thermometer may be used in a medium with a temperature ex- 
ceeding by 5% the upper permissible limit of use (for 4 hours). 

4. The resistance of the insulation between the windings and the case 
and between the circuits of thermometer with several bulbs must be 
not less than 20 Mohms at a temperature of 20+5°C and a relative 
humidity of maximum 80% for all the thermometers, 2 Mohms at 
20+5°C and 98% for the thermometers of the spraytight make, 
2 Mohms at the upper temperature limit amounting to 300°C, 1 Mohm 
at the temperature up to 500°C, and 0.5 Mohm at the temperature 
maximum 650°C. 


8—0324 
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perature. By the primary element (bulb) material, the resi- 
stance thermometers are divided into platinum, Type TSP, 
and copper, Type TSM. The bulb in the TSP instrument is 
an insulated platinum wire-wound resistor, and in the TSM 
instrument, a copper wire-wound resistor. For simultaneous 
measurement of temperature in a single point (spot tem- 
perature) by two instruments, use is made of a double resi- 
stance thermometer which has two bulbs isolated from each 
other. Rather large size of the bulb allows the resistance 
thermometers to be used for average-temperature measure- 
ment in some volume of a test medium. Resistance thermo- 
meters calibration data are summarized in Table 34. 


5.3. Fault Detection in the Electronic Instruments 


Very convenient for operation with electrical circuits are 
universal portable electrical measuring instruments which 
are in essence a combination of an ammeter, a voltmeter and 
an ohmmeter. These instruments are known as volt-ohm- 
mA-meters, for short. The instrument measures within 
wide ranges current and voltage in the d.c. and a.c. circuits, 
and also resistance. The volt-ohm-mA-meter is based on a 
highly sensitive moving-coil micro-ammeter which can 
readily be converted, by use of a set of shunts and series 
resistors, into a voltmeter or an ammeter for various measu- 
rement ranges. Two semiconductor rectifiers enable the 
instrument to be used for measuring alternating current. 
Two dry cells (storage batteries) built into the volt-ohm- 
mA-meter serve as sources of auxiliary d.c. voltage when 
the instrument operates as an ohmmeter. 

The instrument error does not exceed +3% of the rated 
scale value when measuring direct current and voltage. In 
the case of an alternating current, the error is no more than 
+4%, and in measuring resistance, it is +10% of the mea- 
sured value. The instrument has a multirange indicator. 
For direct current, there are six ranges (up to 0.1, 0.3, 3, 
30, 300, 3000 mA), for direct- and alternating-current vol- 
tages, the instrument has seven ranges (up to 4, 3, 10, 30, 
100, 300, 1000 V), and for measuring resistance, five ranges 
(up to 2 and 20 kohms, 0.2, 2 and 20 Mohms). The measu- 
rement ranges are selected by a range selector. 
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For testing of insulation in the connection lines and 
circuits, use is made of megohmmeters. The megohmmeter is 
made up of a moving-coil ratiometer and an inductor with a 
hand drive. The inductor produces high direct-current vol- 
tage. The inductor knob is connected through an overdrive 
gear transmission with the inductor armature. When turning 
the knob, the armature develops high speed and a high- 
voltage current (up to 1000 V*) is induced in it. This vol- 
tage is fed into the test circuit in series with the ratiometer. 
The pointer of the ratiometer deflscts by an amount cor- 
responding to the insulation resistance and indicates the 
value of this resistance on the scale. For instance, the M1104 
megohmmeter has two ranges, namely up to 100 kohms and 
up to 100 Mohms which result by switching over the inst- 
rument either to a parallel or a series circuit. 

For testing and adjusting the measuring circuits of auto- 
matic electronic instruments and amplifiers, use is made of 
electron oscilloscopes which display the images of a.c. voltages 
of various frequencies, shapes and amplitudes on their scre- 
ens. By connecting the oscilloscope to different points of 
the amplifier circuit, it is possible to detect faults in the 
amplifier stages. The amplitude of the a.c. voltage at the 
output of each stage increases or decreases with the cor- 
responding variation of the input signal if the amplifier ope- 
rates properly. A change in this relationship is indicative 
of a fault in the stage operation. Because of high sensiti- 
vity of the oscilloscopes they can be also used to check and 
adjust the measuring circuits of automatic electronic bridges 
and devices of the differential-transformer remote transmis- 
sion systems. The basic element of the oscilloscope is a catho- 
de-ray tube (Fig. 41). An evacuated glass bulb contains catho- 
de C, control electrode (grid) G, two anodes A, and Ag, and 
two pairs of deflection plates VDP and HDP. The tube 
screen is coated with a phosphor, a substance that becomes 
luminous under the action of an incident electron beam. 
Cathode C made as a metal cylinder is heated by filament F 
and emits electrons. 


* To test the electrical circuits of the measuring and control 
instrumentation, use is made of 500- and 1000-V megohmmeters, and 
to test high-voltage circuits, of 2500-V megohmmeters. 


8* 
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To give the electron stream the shape of a thin concent- 
rated beam, cathode C is surrounded by a cylindrical screen 
G — the control electrode having a potential negative with 
respect to the cathode. Under the influence of the negative 
charge, the electron beam is compressed about its centre 
line. With a greater negative charge, the number of elect- 
rons passing through the control electrode is smaller, thereby 
oe the luminance, L, of the tube screen to be control- 

ed. 

As the electron beam moves on, it passes through two 
anodes A, and Ag. The anode potential positive with respect 


Fig. 44. Circuit diagram of a cathode-ray tube in an electron oscillo- 
scope (explained in the text) 


to the cathode causes considerable acceleration of the elec- 
trons. Several partitions (plates) with orifices in the centre 
are mounted in the first anode, A,. These partitions act as a 
lens focusing the electron beam into a spot on screen S of 
the tube. 

In the path of the beam, two pairs of deflecting plates, 
VDP and HDP, are arranged in the mutually perpendicular 
planes. If a control voltage is applied to a pair of the plates, 
an electrostatic field is set up between the plates, which 
deflects the beam from its linear motion. One pair of the 
plates, VDP, deflect the beam in the vertical direction, the 
other pair, HDP, in the horizontal direction. By changing 
voltage at both pairs of the plates, the electron beam can 
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be directed to any point on the screen. The tube response 
to the deflecting voltage is 0.2 to 0. 5 mm per volt. 

If the plates, VDP and HDP, “are fed an a.c. voltage, the 
beam moves over the screen in accordance with the voltage 
variations at the plates. With considerable frequencies of 
control voltage variations, the speed of the beam movement 
is very high, and the beam motion is seen by the observer 
as a solid line. 

The test a. c. voltage is fed through the electronic ampli- 
fier of the oscilloscope to the vertical deflection plates of 


Fig. 42. The principle of plotting test voltage curve on screen of 
cathode-ray tube in rectangular coordinates 

A, B—vertical deflecting plates; C, D—horizontal deflecting plates; Uy —test 
voltage; Ug—auxiliary voltage; U. 'g—image on screen 


the cathode-ray tube. To scan the test voltage curve in 
time, the horizontal deflection plates are fed an auxiliary 
saw-tooth voltage from a voltage generator (Fig. 42). The 
summation diagram of the two a.c. voltages acting on the 
electron beam in the oscilloscope tube is shown in Fig. 42. 

The electron oscilloscope enables observation of the 
processes taking place in the electrical circuits, which 
cannot be evaluated by any other instruments. 
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5.4. Repair of Electrical Components 
of Electronic Instruments 


Series resistors of the instruments are wound on round and 
flat forms made from an insulating material, such as car- 
bolite, textolite, getinax, porcelain. The windings may be 
single-layer or multilayer. As regards the direction of turns, 


(2) (4) 


Fig. 43. Unifilar (a) and bifilar (b) windings 


the windings are divided into unifilar — that is, wound in 
one direction, and bifilar — wound in two directions (Fig. 43). 
The bifilar winding of coils and series resistors is used when 


(2) (0) 


Fig. 44. Multilayer winding layed in rows (a) and alternately (b) 


the coil inductance is to be reduced to a minimum. For 
this purpose, the winding is bent in the form of a loop and 
both ends are wound in the same direction. 

The multilayer winding is laid in rows, alternately or 
freely (Fig. 44). Alternate laying differs from laying in 
rows in that the turns of each consecutive layer are displaced 
relative to those of the preceding one by half the wire dia- 
meter. Such a laying allows the maximum number of turns 
to be placed in the given volume. Free laying is made with- 
out meeting any definite requirements to the compactness 
of the winding. 

To improve heat removal, use is made of a winding made 
up of separate sections which are wound with some spacings 
on a form. Impregnation of the winding with bakelite or 
celluloid varnish also improves heat removal and prevents 
the ingress of moisture between the turns. 
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Special attention in the case of a multilayer winding is 
paid to the insulation of the leads. Insulation of the lower 
lead from the starting end of tlie winding is calculated for 
the total operating voltage because this lead contacts the 
turns of the upper layer of the winding. To reinforce the 
insulation, thin layers of paper or varnished cloth are laid 
inbetween the winding layers. 

Faulty trans‘ormers and inductance coils are rewound on 
hand- or electric-motor-operated winding machines. Semi- 
automatic winding machines are provided with facilities 
for laying the turns in close even rows. Wire of 0.2-mm dia- 
meter is commonly wound in rows or with an alternate laying 
of the turns. Winding of thinner wires alternately or in rows 
is a time-consuming operation requiring high skill of the 
operator. That is why a free winding as close as possible to 
the winding in rows is admissible. When winding, it is neces- 
sary to see to it that the turns of the upper layer do not 
‘fall’ at the periphery into the lower layers, because with a 
considerable difference in voltage a breakdown is possible 
between the turns of the adjacent layers in these places. 

In winding slidewires and rheostats, the maximum pos- 
sible compactness of the turns is a necessity. To this end, 
the wire should be sufficiently tensioned. 

The basic conductor materials for the measuring devices 
are copper, manganin, constantan, nichrome, nickel, alu- 
minium. Conductors from these materials usually have va- 
rious insulating coatings. 

A manganin conductor is widely used for winding series 
resistors, shunts, slidewires. Manganin features small tem- 
perature resistance coefficient at a comparatively high re- 
sistivity, is fairly flexible and easy to solder. 

Constantan conductors are used for the same purposes as 
the manganin conductors but they are more rigid and are 
less solderable. When connected with a copper conductor, 
constantan forms a thermocouple. That is why it is not 
recommended for use in the instruments designed to mea- 
sure low voltages to avoid an increase of the instrument 
error due to temperature. 

A nichrome conductor has a great resistivity and is there- 
fore useful when a considerable resistance is to be accom- 
modated within a small volume. 
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Transformer and induction coil windings are of a copper 
wire having the least resistivity as compared with the con- 
ductors from other materials. 

When repairing or winding various coils, series resis- 
tors and transformers it is important to adequately isolate 
the separate turns and leads of a winding from one another, 
and also to isolate them from the neighbouring metal parts 
and iron cores. In too fully wound transformer coils, the 
upper insulation layer may be damaged when the transfor- 
mer is assembled, and the winding may be short-circuited 
to the case. 

In multilayer windings, in particular in the windings 
designed for operation with maximum permissible current 
density, normal conditions for heat removal must be ensured. 
Thicker electrical insulation impairs heat removal from the 
lower layers of the windings and brings about overheating 
of the internal portions of the winding. The conditions of 
heat exchange depend on the type of winding, insulation 
thickness, ambient temperature and other factors. Therefore, 
constant ratings for permissible current loads for conductors 
cannot be stipulated. In practice, the following approximate 
ratings are in use: the current density 1.5 to 2 A/mm? is taken 
for the power transformer windings, and 2.5 to 3 A/mm? 
for series resistors with an open winding. If with such loads 
on the conductors the temperature of the winding exceeds 
the ambient temperature by more than 40°C, the permis- 
sible current density ratings must be reduced to avoid over- 
heating and insulation breakdown. The density of a current 
is reduced by increasing a conductor cross section. 


5.5. The Quality of Recording by Electronic Recorders 
and Ink Recipes 


The quality of recording by the electronic recorders depends 
on the quality of paper, ink, painting ribbon and pens. 
Worn out pens and painting ribbons must be replaced in 
time. 

If a pen does not write, it means that it is contaminated. 
It can be cleaned by slightly gripping the pen inkwell 
filled with ink between the thumb and the second finger. 
Another way is to scour the pen and the ink path with a 
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thin wire (usually furnished with the instrument). Very dirty 
pens must be washed with alcohol. It must be also checked 
whether or not the ink is fed to the pen. If not, a piece of wot 
blotting paper is held against the pen tip, after which it 
starts writing. 

Glass pens used in automatic potentiometers must be 
sighted through prior to being mounted in the instrument 
to make sure that no air bubbles are trapped in the capillary. 
To remove the air bubble, the hole for pouring the ink is 
closed with a finger and the pen warmed up by keeping in 
the hand for some time. After that the pen may be inserted 
into the holder. 

In all cases, it is recommended that a special ink be 
used. It is also worthwhile noting that preparation of a 
good ink presents no special problems. 

Commonly the ink for the instruments operating indoors 
is prepared from 1 part by volume of glycerol and 3 parts 
of water. Non-freezing ink consists of a paint solution mixed 
with the equal parts by volume of glycerol and water. If it 
has frozen, ethyl alcohol is added to the ink. Usual paint 
concentration is 10 g per litre of the solvent. To prepare the 
ink, the following ingredients must be available: distilled 
water, a painting substance, glycerol, alcohol and phenol. 
For a red ink, the painting substance is usually eosin, for 
a violet ink, it is methyl violet, and for a green ink — 
brilliantine-green. The addition of glycerol and alcohol 
allows variation of the rate of drying and the viscosity of the 
solution. Phenol preserves the ink, preventing its fermen- 
tation and appearance of mold. The use of undistilled water 
may cause sludging. Besides, if the water is hard the ink 
colour may change, for example the red ink may turn out 
to be brown. For the same reasons, use must be made of 
clean glassware. 

The recorders’ pens are of different designs and require 
the inks of different viscosity. In particular, recorders with 
a circular disc chart require viscous slowly-drying ink. 
For circular charts of multipoint instruments of the same 
type less viscous medium-drying ink is recommended. 
Quickly-drying ink of little viscosity is suitable for glass 
pens of automatic potentiometers. If the instruments ope- 
rate in the abnormal temperature conditions, the ink com- 
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position is somewhat changed. Given below are ink recipes 
for the normal temperatures from 4 to 38°C, and also ink 
recipes for the temperature from 38 to 65°C. All the recipes 
are given in accordance with the regulations of the State 
All-Union Trust ‘Teplokontrol’ (Temperature Control). 


Viscous slowly-drying ink 


Red: 
eosin,  ....- ee eee : 
glycerol, cm? ........ 46.0 
phenol, g .......... 0.3 
distilled water, cm’ ..... 100.0 
Less viscous medium-drying ink 
Red: 
COSIN, (2s caves Pe whee as 1.1 
glycerol, cm? ........ 14.0 
phenol,g .......... 0.25 
distilled water,cm? ...... 100.0 
Violet: 
methyl violet, g ...... 0.6 
glycerol, cm? ........ 14.0 
phenol,g .......... 0.5 
distilled water, cm’ ..... 100.0 
Green: 
brilliantine-green, g ..... 2.4 
glycerol, cm’ ........ 23.5 
phenol,g .......... 0.25 
distilled water, cm? ..... 100.0 


5.6. Liquid-type and Manometric Temperature 
Measuring Instruments 


Liquid-filled expansion glass thermometers are suitable for 
temperature measurement in the range from —100 to 650°C 
and are mercury-, kerosene- or toluene-filled thermome- 
ters. 

By the shape of the bulb, liquid-filled thermometers are 
divided into straight (type A) and corner ones (type B with 
an angle of 90 or 135°). Table 35 summarizes characteri- 
stics of these thermometers. 

Manometric thermometers. Liquid-filled manometric ther- 
mometers rely for their operation on the volume expansion 
occurring when the temperature of the liquid in the thermo- 
meter bulb changes. These instruments have a uniform scale 
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Table 35 


Technical Characteristics of Liquid-filled Expansion 
Thermomefers 


Length of the bulb, mm ‘ANlewance 


Thermo- | geaje ranse, (SSS Dia of 
meter ade af fencit. the bulb, 
number type A type B mn mm 


{ 0-50 160, 80, 100,| 440, 130, 
2 —35-40 | 420, 160, | 450, 170, 
3 0-100 | 200, 250, | 240, 250, | —10 8 
320, 400 | 300, 370, 
450 
4 0-150 
5 0-200 | 500, 630 | 550, 680 —20 
6 0-250 
7 0-300 
8 0-350 800 850 2230) 9 
9 0-400 
40 0-450 | 1000, 1250, | 1050, 1300 | —50 
14 0-500 | 1600, 2000 


as the expansion of a liquid is a linear function of tempe- 
rature. The length of the capillary tube between the ther- 
mometer bulb and the instrument is 8 m. The instruments 
are fitted with a compensating means to compensate for the 
effect of the temperature of the medium surrounding the 
bulb on the measurement result. 

Vapour-pressure thermometers feature a higher sensi- 
tivity to temperature variations than the liquid-filled thermo- 
meters. The scale of these thermometers is nonuniform as 
the relationship between the filling liquid vapours pressure 
and the temperature is not linear. 

In gas-filled manometric thermometers, use is made of 
the volume expansion of gases. As the expansion of gases is 
a linear function of temperature variation, the instrument 
scale is linear. The most popular Soviet-made types of the 
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gas-filled manometric thermometers are thermometers with a 
spiral tubular spring, Types TPG and TSG. 

The basic data on the manometric thermometers are given 
below. 


Type Model Capillary tube 
length, m 
Indicating: 
without auxiliary devices . . TPG-180 4, 10, 16, 25, 40 
with signal device ..... TPG-188 4, 10 


with pneumatic transmitter TPG-189P 4, 10 
Recording: 
for a single variable 
without auxiliary devices TSG-710M 4, 10, 16 
TSG-710chM2 25, 40 
with signal device .. TSG-718PE 4, 10 
with pneumatic transmitter TSG-740P 4, 10 
TSG-710PchM 
for two variables 


without auxiliary devices . . TSG-720 4, 10, 16 
TSG-720chM 25, 40 


Note. Recorders with ‘ch’ designation have a chart driven from 
a clock mechanism with an eight-day winding, the rest are driven 
from a synchronous motor of 220 V, 50 Hz, 12 V A. 


Specification for the manometric thermometers, Types 
TPG and TSG, is as follows. 


Range, °C 0-100, 0-120, 0-160, 
0-200, 0-250, 0-300, 
40-200 

Basic permissible error, % ...... +1 and +1.6 

Depth of the case, mm, not over 80 


Bulb length, mm (corresponds to the ca- 

pillary tube length 4, 10, 25 and 40 m) 230, 285, 340, 395, 450 
Bulb diameter, mm ........-. 23 
Permissible bypeeure of the measured me- 

dium, Pa (kgf/cm?): 


without protecting tube ...... 627 x 104 (64) 
with protecting tube ...... . 2450 x 410 (250) 
The time of one chart revolution, h 24 


5.7. Direct-acting Temperature Controllers 


Controller, Type RT (Fig. 45), is a manometric thermo- 
meter consisting of a hermetically sealed thermosystem and 
a valve. At the minimum temperature being controlled, the 
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force developed by bellows Z under the action of pressure in 
the thermosystem is counter-balanced by spring 3. When 
control is effected by a heat carriér, use is made of a control- 
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Fig. 45. Direct-acting temperature controller, Type RT 
1—bellows; 2—direct-acting valve; 3—spring; 4—reverse-acting valve 


ler with a direct-acting valve, 2, and if it is effected by a coo- 
ling medium, a controller with a reverse-acting valve, 4, 


is used. 
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Overall dimensions of the RT conroller (see Fig. 45): 
D, OD L kh 
25 115 225 140 440 
40 145 280 170 445 
50 160 300 200 445 
Controllers, Types RPD and RPDP, have no bellows- 
type temperature setter. The shut-off and control portion of 
the RPDP is furnished with cooling ribs and located under 
a measuring system. 
The specification for the direct-acting temperature cont- 
rollers is given in Table 36. 


CHAPTER SIX 


AUTOMATIC QUALITY ANALYZERS 


In most continuous processes, automatic control boils down 
to the stabilization of technological operating conditions 
by maintaining constant such indirect variables as tempe- 
rature, pressure, flow rate, level, etc. Automatic quality 
analyzers allow the process to be run on the basis of the 
quality of samples and final products, and not on the basis 
of the manipulated variables. 

Automatic quality analyzers are classed by the purpose 
as composition analyzers which determine physical and che- 
mical composition of products, and physical properties ana- 
lyzers which determine viscosity, density, humidity, etc. 
By the technical characteristics and the methods of use, 
they are subdivided into commercial automatic and laboratory 
semi-automatic analyzers. 

Commercial automatic analyzers complete with trans- 
mitters which convert the analysis result into a pneumatic or 
an electrical output are used as transducers in automatic 
control systems. 


6.1. Physical Properties of Petroleum 
and Petroleum Products 


The physical properties of pefroleum and petroleum pro- 
ducts depend on the proportion of various components in 
them. Determination of such properties as density, viscosity, 
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flash and solidification points, fractional composition, is of 
particular importance as it allows the proportion of various 
fractions in petroleum to be established. Depending on the 
quality of the fractions a reasonable method of processing 
can be selected. 

Relative density of a petroleum product is a dimension- 
less quantity which shows the relationship between its den- 
sity at 20°C and the density of distilled water at 4°C. The 
product density is determined as the mass of a substance 
contained in a unit volume. Practically, the numeric values 
of relative density and relative unit weight coincide; there- 
fore, under plant conditions, no distinction may be made 
between them. 

Viscosity of a petroleum product, or internal friction, is 
the ability of a liquid or gas to resist the shear of one part 
of the liquid (or gas) relative to another. The viscosity is 
expressed in terms of absolute units of dynamic (Pas) and 
kinematic (m?/s) viscosity. In the USSR, viscosity is adopted 
to be expressed in Engler degrees. 

With a change in temperature, the viscosity of a petrole- 
um product varies. Graphically these changes can be pre- 
sented as curves whose slope is defined by an arbitrary 
quantity—the viscosity indez. 

Flash point of petroleum products is the temperature at 
which the vapours mixed with air ignite under certain con- 
ditions, and a short explosion takes place (without inflam- 
mation of the liquid). The flash point is indicative of the 
presence of light components in a petroleum product. 

Solidification point. Petroleum products are nonhomo- 
geneous substances, therefore they solidify gradually, not at 
once. The knowledge of petroleum products solidification po- 
int is of great practical significance for the operation of pro- 
cess plants as it makes it possible to choose in advance the 
technique of petroleum processing, methods of pumping 
petroleum products in the cold time of the year, to correctly 
select diesel or arctic fuels and so on. 

Colour is the index of the degree of a petroleum product 
refinement and of the absence of resinous and painting sub- 
stances. A certain relation exists between the petroleum co- 
lour and its density: the heavier petroleum is darker. 
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Evaporation, vapour pressure, bpiling of a petroleum product. 
Evaporation is the ability of a liquid to pass from a liquid 
state into a vapour state. At a definite temperature constant 
for the given liquid, the pressure of vapours is equal to the 
ambient air pressure. With a further heating of the liquid, 
its temperature does not rise. This phenomenon is known as 
boiling. For example, at the ambient air pressure 760 mm 
Hg, the boiling point of water is 100, of benzene, 80.4, of 
ethyl alcohol, 78°C. 

Fractional composition. Petroleum and petroleum products 
are composed of various hydrocarbons each of which has 
its own boiling point. Therefore, petroleum and petroleum 
products have no definite boiling point. When they are 
heated to some temperature, hydrocarbons which boil at 
that temperature are distilled off. Separation by heating 
of petroleum into parts—fractions each of which is a less 
complex mixture of hydrocarbons than the source substance 
is known as fractional distillation. Fractions separated at 
certain temperatures characterize fractional composition 
of petroleum products. 

Fractional composition of oil and petroleum products is 
described by a fractional distillation curve characterizing 
the percentage of fractions separated in accordance with 
their boiling points. The fractional composition is one of 
the most important quality indices of petroleum and petro- 
leum products. 


6.2. Commercial Automatic Analyzers Installed 
on Process Plants 


Analyzer type | Purpose and basic mechanical data 


Float-type density- A pneumatic scale-free instrument for the 
measuring transducer | continuous on-stream measurement of density 
with temperature com- | of liquids with a viscosity of not over 50X 
pensation, Type 10-5 m2/s (50 cSt) at a low operating tem- 
DUV-PTK-104 perature. 


9—0324 
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Analyzer type 


—_——_______. 


Float-type density 
measuring transducer 
with acca tina com- 
pensation, Ty 
DUV-ETK-104 


Continued 


Purpose and basic mechanical data 


The instrument operates on the principle 
of continuous counter-balancing of a buoyant 
force acting on a float by a weight. Tem- 
perature correction to the base temperature 
20°C is achieved by use of a gas-filled ther- 
mometer system (thermometer bulb-bellows). 
Deviation from normal density is 0.05, 0.10t 
0.15 or 0.20 g/cm3; the transducer output 
signals are 1.9x104 to 9.9x104 Pa (0.2 to 
1 kgf/cm?2). 

Test media are gasoline, liquefied gases, 
kerosene, fuel oil, TS and TS-1 oils. Maxi- 
mum operating pressure is 196x104 Pa 
(20 kgf/em?); maximum operating tempera- 
ture is 110, minimum, 5°C. 

Basic error is +1%. 

An electrical compensation scale-free in- 
strument for measuring on stream the den- 
sity of light and dark petroleum pro- 
ducts. 

The instrument operation is based on the 
continuous weighing of a baited member 
shaped as a horizontal V tube through which 
the controlled liquid is flowing. The feed- 
back electric current output is proportional 
to the variations in the density of the li- 
quid. The density value is automati- 
cally corrected to the base temperature 
20°C. 

Test media are light and dark (non-coking) 
petroleum products. Maximum operating 
pressure is 156x104 Pa (16 kgf/cm2). Maxi- 
mum operating temperature is 110°C. The 
output signal response is from 0 to 20 mA. 
The total range is from 0.5 to 1.2 g/cm?. 
Deviation from normal density is 0.05, 0.10, 
0.15 g/cm3. Density correction in g/cm? per 
°C is from 0 to 0.0014. Permissible operating 
temperature variation is +15°C. The basic 
error of the transducer complete with a se- 
condary instrument of class one is + 2%. The 
transducer and secondary instrument are in- 
stalled indoors. 
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Continued 


Analyzer type 


e 
Purpose and basic mechanical data 


An automatic ana- 
lyzer of phenol in a 
raffinate solution, 
Type AFD-65 


An automatic inst- 
rument for determi- 
nation of aromatic 
hydrocarbons in _pet- 
roleum products, Type 
AR-03 


An automatic on- 
stream capillary-type 
viscosimeter, Type 
APV-62 


Ap automatic colo- 
rimeter, Type 
AKN-65V 


The instrument is intended for the auto- 
matic continuous determination of phenol 
concentration in raffinate solution on the 
plants of selective refinement of oils. 

The instrument depends on the measure- 
ment of the permittivity of solution, which 
is proportional to the phenol content. 

nalysis time is 30 s; the scale is calib- 
rated to read the per cent content of phe- 
nol, from 0 to 30; the output signal is 1.9x 
x10 to 9.8 x 104 Pa (0.2 to 1 kgf/cm2); per- 
missible error is +3%. 

The instrument is intended for the con- 
tinuous determination of the content of aro- 
matic hydrocarbons on the process streams 
of stable products of catalysis on the plants 
of catalytic reforming. 

The instrument operation is based on the 
resonance-phase method of measuring the 
permittivity increment of gasoline flowing 
through the instrument, the value of the 
permittivity being dependent on the total 
amount of aromatic hydrocarbons contained 
in it. 

The instrument scale is calibrated to read 
pocies of the aromatic hydrocarbons, 
rom 10 to 40, 15 to 45; the basic permis- 
sible error is +1.8%; the pressure of the 
stream at the inlet is 68104 to 196x104 Pa 
(7 to 20 kgf/cm?) 

The instrument is intended for the conti- 
nuous monitoring of petroleum products vis- 
cosity on process streams. 

The instrument relies on the linear rela- 
tionship between the pressure drop across 
a capillary at the constant temperature and 
flow rate of a petroleum product and its 
viscosity. 

The measurement range (5 sub-ranges) is 
3x 10-3 to 1 Pa-s (3 to 1000 cP); the per- 
missible error is +3.5%. 

The instrument is designed to control the 
quality of petroleum products by colour on 
process plants. 


g* 
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Analyzer type 


An ultrasonic vis- 
cosimeter with tem- 
perature compensa- 
tion, VTK-65 


Continued 
Purpose and basic mechanical data 


The instrument relies on the comparison 
of light absorption by the controlled pro- 
duct and a reference in the visible region 
of the spectrum (0.4 to 0.7 pm). The instru- 
ment is provided with a transducer, Type 
NP-T, to be connected to a general-purpose 
computer. The temperature of the control- 
led medium is up to 100°C, pressure is up 
to 245x104 Pa (25 kgf/cm?). 

The range of the optical density measure- 
ment is from 0 to 0.63; sensitivity is not 
over 0.02, error is maximum -+-0.04; the rep- 
roducibility of indications is +2.5% of full 
scale; stability is 2% of full scale. 

The instrument is intended to automati- 
cally determine the viscosity on the unther- 
mostatted process streams of petroleum pro- 
ducts. 

The operating principle of the instrument 
is based on measuring the damping of free 


| vibrations of a magnetostrictive vibration 


generator as a function of the product 
viscosity. The natural frequency of longi- 
tudinal vibrations of the vibration generator 
is 25 to 28 kHz. 

The unbalance voltage dependent on the 
product viscosity and the deviation of the 
product temperature from the thermostatting 
point, is addled algebraically to the main 
voltage of the viscosimeter. When the tem- 
perature of the analyzed product changes, 
a voltage equal to that of the thermostatting 
temperature is fed to a secondary instru- 
ment. 

The controlled medium is fuel oil, oil di- 
stillate, masout, etc.; the temperature of the 
controlled medium is 10 to 120°C; the pres- 
sure of the controlled medium is 15Xx104 to 
49x104 Pa (4.5 to 5 kgf/cm2); viscosity 
range is from 1.2x10-§ to 2510-4 m2/s; 
the temperature of viscosity determination 
is 20, 50, 100°C; temperature compensation 
range is +10°C; error is +5% of maximum 
scale value. 
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Analyzer type 


An automatic dip- 
ping refractometer, 
Type RAN-62V 


An automatic inst- 
rument for determi- 
ning petroleum pro- 
ducts in waste water, 
Type PONV-63V 


A gasoline vapour 
pressure detector, Ty- 
pe DU-1M 


Continued 


Purpose and basic mechanical data 


The instrument is designed for continu- 
ously monitoring, by the refractive indices, 
the composition of liquid petroleum and 
chemical products, transparent in the region 
of the spectrum from 0.4 to 1 wm, directly 
on process streams. The instrument can ope- 
rate in both corrosive and noncorrosive media. 

The instrument uses the differential op- 
tical method of determining the difference 
in the refractive indices of a controlled and 
a reference product by means of electrical 
phase detection. 

The measurement range of the refractive 
index of a product is 1.2540 to 1.6300; the 
range of measuring the refractive indices 
relative to the reference product is +45 x 10-4; 
the maximum relative error with the scale 
indications up to +50x10-4 is 2%, with the 
indications over +50 10-4 is 3.3%; the least 
scale division is 110-4; the maximum pro- 
duct temperature is 120°C, the maximum 
pressure of the analyzed product is 156x104 
Pa (16 kgf/cm?) 

The instrument is designed to determine 
the total content of emulsified, floating and 
soluble petroleum products in waste water. 

The measurement of petroleum product 
concentration in water is based on the com- 
parison of the ultraviolet radiation transmit- 
tance by a reference solution and a sample 
which is the solution of petroleum products 
in chloroform. 

The measurement ranges are 0 to 410, 0 to 
25, 0 to 50, 0 to 100 mg/l]; the threshold 
sensitivity is 2 to 3, 3 to 4 mg/l; the mea- 
surement cycle duration is 60 min. 

The detector is intended to continuously 
measure the pressure of saturated gasoline 
vapour on the stream. 

The instrument relies on the continuous 
measurement by a vacuum gauge of a dyna- 
mic equilibrium between vacuum developed 
in the inter-nozzle space of a jet pump and 
gasoline vapour pressure at a thermostatting 
temperature of 38°C. 
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Continued 


Analyzer type 


An on-stream flash 
temperature analyzer, 
Type AVN-70-V3G 


An instrument for 
automatic monitoring 
of cil in a vapour 
condensate, Type 
MPK-64V 


An instrument to 
determine the melting 
point of petroleum 
products on stream, 
Type ATP-65 


Purpose and basic mechanical data 


The working pressure of the product (ga- 
soline) is 57x104 to 114x104 Pa (6 to 
12 kgf/cm2); the product temperature at the 
entry is not over 105°C; the range of the 
product vapour pressure is from 1.9104 to 
7.3X104 Pa (from 150 to 550 mm Hg); the 
instrument error is +15%. 

The instrument is intended for the conti- 
nuous automatic on-stream determination of 
the petroleum products flash temperature. 

The instrument relies on automatically 
maintaining a petroleum product continuously 
flowing through a crucible at its flash point. 
The measurement ranges are from 24 to 100°C 
for a petroleum product with a viscosity of 
4X10 m2/s at 20°C; from 400 to 300°C for 
a product with the viscosity of up to 1x 
x10-3 m2/s at 100°C; the basic absolute 
error when measuring the flash point not 
over 50°C is +1°C and above 50°C, +3°C; 
the analyzer set is capable of shaping nor- 
malized pneumatic (1.9104 to 9.8104 Pa, 
0.2 to 1 kgf/cm?) and electrical (0 to 5 mA) 
signals. 

The instrument is designed to determine 
oil in the stream of a vapour condensate on 
ihe plants for purifying the condensate from 
oil. 

The measurement is based on the compa- 
rison of the optical density of distilled 
water (or neutral glass) taken to be the re- 
ference density with the optical density of 
the controlled condensate. 

The measurement ranges are from 0 to 40, 
from 0 to 45 mg/l; the instrument scale 
is from 0 to 15 and from 0 to 50 mg/l; 
the permissible error is +10% of an indicated 
value. 

The instrument is designed to automati- 
cally control the melting point of petroleum 
products (paraffin, ceresin, slack wax, etc.) 
on stream. 
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Analyzer type 


135 
Continued 


Purpose and basic mechanical data 


An automatic inst- 
rument to monitor 
phenol concentration 
in waste water, Type 
FSV-65V 


An automatic inst- 
rument to determine 
the solidification 
point, Type PAZ-63V 


An automatic ana- 
lyzer of water content 
in petroleum, adapted 
to be connected to 
a computer, Type 
AVN-1M 


The instrument operation is based on the 
abrupt increase of the transparency of the 
test substances when they pass from one 
aggregate state into another at temperature 
changes. 


The measurement range is 30 to 80°C; the 
instrument scale is 100°C; the error is +1°C; 
the measurement cycle duration is 10 min. 


The instrument is designed to continuo- 
usly control the content of phenol in arbi- 
trarily pure waste water on the selective 
refinement plants. The transducer type used 
in the instrument is AKN-65V. 


The instrument operation is based on the 
measurement of the colour of a sample, 
which is dependent on the phenol concen- 
tration in waste water when it is processed 
by reagents. 


The measurement ranges are 0 to 5, 0 to 
50 mg/l; cycle duration is 40 to 60 min; per- 
missible error is +15%. : 


The instrument is intended to automati- 
cally control the solidification point of 
the diesel fuel on process stream. 


The instrument relies on the ability of 
the diesel fuel to drastically increase the 
absorption of ultrasonic vibrations of a de- 
finite frequency during solidifications. 


The cycle duration is 30 min; the mini- 
mum solidification point to be determined 
is —20°C; the basic permissible error is 
ei the reproducibility of indications is 
+1°C. 


The instrument is intended to determine 
water content by volume in a salt-free pet- 
roleum. 


The instrument relies on the measurement 
of the difference between the permittivities 
of aqueous and dehydrated oils. 
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Continued 


Analyzer type Purpose and basic mechanical data 


The measurement range is 0 to 1.0%; 
maximum permissible error is +10%; the in- 
strument response time (without the sample- 
taking system) is 1 to 1.5 min; the output 
signal fed to a computer is a d.c. voltage 
of 0 to 10 V; the temperature of the petro- 
leum being analyzed is 65 to 125°C; the 
pressure difference at the stand is 0.2104 Pa 
(0.145 kgf/cm); petroleum pressure at the 
entry to the instrument is 0.2104 to 58x 
x 104 Pa (0.15 to 6 kgf/cm?). 


6.3. Laboratory Apparatus to Control the Product Quality 
at a Petroleum Processing Plant 


State Standards 
: State Standards | for the test me- 
Designation for the apparatus| thods using the 


apparatus 


Petroleum densimeters (arecmeters) | GOST 1289-57 | GOST 3900-47 
Hydrostatic Westvaale’s balance _ Same 
Thermometers used in testing pet- 
roleum products GOST 400-64 _ 
Viscosimeters: 
to measure kinematic visco- 
sity (by the Pinkevich met- 
hod) — GOST 33-66 
to measure universal viscosity | GOST 1532-42 | GOST 6258-52 
Apparatus to determine a flash 
point: 


of a self-contained type GOST 1421-53 | GOST 6356-52 
of an open-box type GOST 1369-42 | GOST 4333-48 
Colorimeter KN-51 _— GOST 2667-52 
Photoelectric colorimeters _ GOST 8933-58 
Apparatus to determine sulphur 
content: 
by burning in a lamp GOST 1572-42 | GOST 1771-48 
by burning in a bomb _ GOST 3877-49 


by an accelerated method_ _ GOST 1437-56 
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Continued 


Designation 


Apparatus to determine water con- 
tent (by the Dyne and Stark 
method) 

Apparatus: 

for qualitative determination 
of water content in motor ga- 
soline 


for distillation of petroleum 
prceducts 


for determination of fractio- 
nal composition 


to determine the pressure of 
saturated vapours of motor 
gasolines 


to determine the maximum 
height of sootless flame 


to determine aniline points 


Refractcmeter IRF-22 
Apparatus to determine fuel sta- 
ility: 
cf existent gum 
of induction period 
Apparatus to determine the exis- 
tent gum by the Budarov method 
Absorption column 
Apparatus to determine the stabi- 
lity of oils by the VTI method 
Instrument to determine the sta- 
bility of DK-3 oil, Type NAMI 
Apparatus to determine coking 
capacity 
Apparatus: 
to determine coking capacity, 
Type LKN : 
to determine thermo-oxiditive 
stability of oils 
to determine evaporativity of 
the working fraction and var- 
nish of motor oils 


State Standards 
for the apparatus 


GOST 1594-59 


GOST 1392-63 


GOST 1366-57 


State Standards 

for the test me- 

thods using the 
apparatus 


GOST 2477-65 


GOST 8287-57 
GOST 2177-66 


GOST 11041-64 


GOST 1756-52 


GOST 4338-48 


OST 17872 
MI 20k/40 


GOST 1567-56 
GOST 4039-48 


GOST 8489-58 
GOST 11244-65 


GOST 981-55 
GOST 11063-64 
GOST 5987-51 
GOST 8852-58 


GOST 9352-60 


GOST 5737-53 


138 INSTRUMENTATION MANUAL 


Continued 


State Standard See tne teat me 

: ate Standards or the test me- 

Designation for the apparatus] thods using the 
apparatus 


Installation to determine washing 


capacity of motor oils _- GOST 5726-53 
Apparatus: 
to determine scrubbing poten- 
tial - GOST 10734-64 


to determine corrosive capa- 
city of motor oils by the Pin- 
kevich method — GOST 5162-49 


to determine the potential 

corrosive papeciey by the 

NAMI metho _ GOST 8245-56 
Laboratory pH-meter, Type LP-58 — GOST 11362-65 
Apparatus: 

to determine the velocity of 

de-emulsification of turbine 

oils — GOST 1321-57 


to determine solidification 
point - GOST 1533-42 


to determine the turbidity 
point and the beginning of 
crystallization of motor fuels _ GOST 5066-56 


to determine the melting point 

of paraffine by the Zhukov 

method _ GOST 4255-48 
Apparatus: 

to determine the dropping 

point of lubricant greases —_ GOST 6793-53 


to determine the penetration 
of petroleum products GOST 1440-42 | GOST 5346-50 


to determine ductility of bi- 
tumens— ductilimeter — GOST 11505-65 


to determine bitumen softening 
points _- GOST 11506-65 
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Continued 


bf State Standards 

State Standards for the test me- 

for the apparatus| thods using the 
apparatus 


Designation 


Installations: 
to determine the octane num- 
bers of petroleum products, 
Type IT9-2 _ GOST 511-66 


to determine the octane num- 
bers of aviation gasoline, Ty- 
pe IT9-5 _-- GOST 3337-52 


to determine the antiknock 
value of aviation gasolines, 
Type iT9-1 


to determine the cetane num- 
bers of diesel fuels, Type IT9-3 
Diffusiometer 
Chromatograph, Type KhL-3 
Mass-spectrometer, Type MKh1303 
Gas analyzer, Type VTI-2 


GOST 3338-61 


| 


GOST 3122-52 


GOST 10679-63 
GOST 9471-60 
GOST 5439-56 


ee oe 


6.4. Commercial Chromatography Apparatus 


The basic metrological data on commercial chromatographs 
and definitions. The minimum concentration detected, or 
the threshold sensitivity of an apparatus is commonly expres- 
sed for gases in per cent of volume concentration and consti- 
tutes 10-2 to 10-*% (depending on the detector type and 
analysis scheme). 

In determining the threshold sensitivity of an apparatus, 
apart from the minimum concentration of a substance which 
the apparatus is capable of detecting, the following data 
must be available: (1) the substance for which the sensitivity 
is to be determined, (2) a carrier gas, (3) sample volume, 
(4) the kind of scale, (5) the amount of the recorder unbalance 
caused by that concentration. 

It is a common practice to determine the apparatus thres- 
hold sensitivity for propane in helium with the normal sam- 


140 INSTRUMENTATION MANUAL 


ple size of 1 cm*. Chromatograph recording is made on a scale 
of maximum sensitivity, corresponding to a signal division 
of 1:1 (1 mV as a rule). 

The threshold sensitivity of an apparatus is taken to be 
the concentration corresponding to the value of a useful 
signal which is twice the noise level of the apparatus. If, 
when determining the amount of unbalance corresponding 
to the minimum concentration detected by the instrument, 
the noise level of the system is unknown, one may use the 
accuracy class of the recording system. 

For example, the EPP-17M2 recorder is of accuracy class 
0.5. If the recorder scale width is not over 270 mm, the sys- 
tem error does not exceed 1.5 mm. The peak height cannot 
be less than twice the error value, i.e., 3 mm. Then the 
threshold sensitivity of the instrument is defined as the 
concentration causing the recorder pen movement by 3 mm 
with a sample size of 1 cm’. 

Sensitivity expressed in terms of the mass concentration 
of the substance being analyzed can be reduced to volume 
per cent through the molar mass of the substance. 

The concentration of the analyzed component may be 
expressed in terms of mass or volume, and also in parts by 
volume. 

Mass (weight) concentration is the amount (in mg) of gas 
in a litre (also expressed in mg/m’). 

Volume concentration is the number of gas volumes in 100 
volumes of a mixture (in volume per cent). 

Concentration in parts by volume is the gas volume con- 
tained in 100, 1,000,000 or 1,000,000,000 volumes of a mix- 
ture. 

Concentrations of the analyzed component in accordance 
with its volume content in gas mixtures fall into macrocon- 
centration (from 0.01 to 100%), microconcentration (from 
10-4 to 0.01%) and ultramicroconcentration (<10-*%). 

Densitometric detection system for commercial chro- 
matographs. Densitometric detection system is designed 
for use in commercial chromatography apparatus, Types 
KhPA-4, KhPA-3-150, KhP-499 and KhPA-10 to improve 
the sensitivity in determining the components with a mole- 
cular weight over 40 and facilitating the apparatus cali- 
bration. 
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The detection system identifies the constituents of an 
analyzed mixture by the density variation of the binary mix- 
ture — carrier gas + component « emerging from the chro- 
matograph column. 

The detection system comprises a density detector and 
a control unit of a potentiometer bridge. The system is avail- 
able complete with a carrier-gas conditioning panel for use 
in the KhPA-4 apparatus. 

The densitometric detector (Fig. 46a) placed inside the 
apparatus, in which provision is made for temperature mea- 
surement and control (thermostatting), has three cylindrical 
vertical chambers (a carrier-gas chamber, a binary-mixture 
chamber and an outlet chamber) connected through upper 
and lower horizontal ducts. Disposed in the connection 
ducts between the carrier-gas and binary-mixture chambers 
are cells which accommodate temperature-sensitive ele- 
ments of the measuring circuit. Used as the temperature- 
sensitive elements in the densitometer may be wire resistors 
and semiconductor thermal resistors. 

Thermal operating conditions are set up in the cells, which 
depend on the current passing through the sensitive elements, 
the temperature of the detector case and the carrier-gas flow 
rate. 

The thermal operating conditions of a cell determine the 
sensitivity element resistance. Both sensitive elements are 
variable arms of the detector bridge-type measuring circuit. 

The reference stream of the carrier gas enters the detec- 
tor at point A and is branched into two streams. One stream 
raises upwards, and the other stream goes downwards thro- 
ugh vertical chamber DE. 

The binary mixture — component + carrier gas — en- 
ters the detector at point B, and is also branched into two 
streams. Gas leaves the detector through point C. 

When the pure carrier gas passes through both vertical 
chambers (DE and MN), a certain pressure builds up at points 
M and N, and the corresponding flow rate of the carrier gas 
through cells 7 and 2 of the temperature-sensitive elements. 

If a component whose density is greater than that of the 
carrier gas leaves the column, then the density of the gas 
column in duct M increases and pressure at point N 
rises. 
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When components with densities less than that of the 
carrier gas are eluted from the column, the pressure in 
point N decreases. 

Pressure change at the point causes a change in the flow 
rate of the carrier gas through cells 7 and 2, and hence in 
the resistance of the temperature-sensitive elements. This 
in turn results in the unbalance of the detector measuring 
bridge and the appearance of an unbalance voltage which is 
recorded on a chart in the form of peaks. Simultaneously, 
the ordinates of the peaks are converted into pneumatic sig- 
nals proportional to the concentration of the basic compo- 
nents. The signals are stored in a pneumatic attachment and 
can be used in process control systems. 

The densitometric detector is provided with a flow and 
temperature compensation system comprising cells of com- 
pensation temperature-sensitive elements, namely, flow 
compensating element 3 (in the inlet line of reference carrier 
gas) and temperature compensating element 4 (in the detec- 
tor case) which are the arms of a potentiometer bridge cir- 
cuit. The measuring bridge of the compensation temperature- 
sensitive elements is supplied from a self-contained source 
which is part of the instrument set. 

The compensation system is intended to eliminate the 
shee of the carrier-gas flow rate variations on the detector 
signal. 

When the carrier-gas flow rate varies, a change takes 
place in the signals of the main detector bridge and the 
potentiometer bridge, which are summed up. The signal of 
the potentiometer bridge is adjusted to be equal in magni- 
tude to the signal of the main measuring bridge of the detec- 
tor. As both signals are directed in opposition to each other, 
the effect of the carrier-gas flow variations on the detector 
indications is eliminated. 

The gas schemes of the above-described chromatograph 
are in principle similar to the respective schemes of the base 
chromatograph model and differ only in the detector piping 
scheme. 

Figure 46b shows a chromatograph, Type KhPA-4 (given 
as an example), with a densitometric detector. Instruments 
of other types use similar schemes. 
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To stabilize the streams of the reference carrier gas fed 
to the column, use is made of a carrier-gas conditioning 
panel, Type PGN, which is a part of the instrument set. 

The densitometers are installed in batch chromatographs 
and adjusted by the measurement and control instrumenta- 
tion mechanics of the fourth or fifth qualification degrees. 
The required mounting parts are furnished complete with 
the system. 

Commercial chromatograph, Type KhP-499. The appa- 
ratus is intended for quantitative and qualitative direct in- 
process analysis of gaseous products and for continuous recor- 
ding of the analysis results. The instrument is fitted with 
output arrangements to transfer information in the form 
of electrical and pneumatic signals to automatic control 
systems. 

The instrument relies on the chromatographic separation 
of the analyzed mixtures and identification of the separated 
components by a detector in accordance with thermal con- 
duction or density. 

The instrument is made up of several units, namely, an 
analyzer, flow stabilization panels for the analyzed gas 
and the carrier gas, a control unit with a programmer, a 
detector and a pneumonic computer. The modular construc- 
tion of the chromatograph and an explosion-proof make of 
the analyzer enable convenient installation of the instrument 
on a process plant. 

Chromatograph, Type KhP-499, analyzes nonhydrocar- 
bon gases, saturated and unsaturated hydrocarbons and 
their isomers. It can be used to advantage on a number of 
process plants to control the proportion of ethane and ethy- 
lene in a propane-propylene fraction, to monitor the pro- 
portion of methane in a light hydrocarbon condensate, to 
monitor the proportion of ethane, ethylene and propane in 
a concentrated propylene, to analyze hydrocarbons emerging 
from the driers in a pyrolysis plant, to analyze nitrile in a 
contact gas, to monitor the concentration of methane 
and ethane in ethylene, to analyze waste gases, etc. 

Chromatograph, Type KhP-499, features the following 
merits: 

(4) an increased temperature of thermostatting the co- 
lumns with one-, two-, and three-column schemes ensures 
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a high-speed analysis of complex multi-component mixtu- 
res; 

(2) the presence of several detettor modifications—katha- 
rometers and densitometers—makes it possible to extend 
the field of the chromatograph application; 

(3) the chromatograph may be used as a transducer in 
automatic control systems as-it is furnished with a trans- 
mitter to obtain pneumatic and electrical signals; 

(4) the instrument ensures high accuracy and reprodu- 
cibility of analysis of not higher than +1%; 

(5) the chromatograph is highly reliable, simple in 
mounting and maintenance. 

A typical specification of performance of the chromato- 
graph, Type KhP-499, is given below. 


Analyzed mixture .......... hydrocarbons 
Temperature of thermostatting, °C . ... 25 to 120 
Column type ........4.4..-. . U-shaped, sectionalized 
Overall length of columns, m ..... ; 
Detector scale) mV .......... 1, 2, 4, 8, 16, 32, 64, 128 
Pressure of the analyzed mixture, Pa 

(kgffem2) gw we ee 245 x 104 (25) 
Carrier @as. i000 ea se Sua est es oe air, nitrogen, helium 
Pressure of the carrier gas, Pa (kgf/cm?) 6 x 10 to 414.7 x 104 

(0.6 to 1.5) 

Flow rate of the carrier gas, l/min .. 0.5 to 8 
Cycle duration, min ......... 3 to 5 


Threshold sensitivity, %, taken for pro- 
pane with the carrier gas: 


BAT iio gee ceh ta > a ce tn ae te, Sale 2 8 2x 10-7 
heliunt 2 42-83 442 Yew Grane ot 5 x 103 
Supply voltage, V........... 220 
Consumed power, VA ........ 400 
Mass, keg eg 5 ad weg ney hah es ee 24 
Make: © en ea A a ec ee ae Explosion-proof 


The technical data of the commercial chromatographs 
of other types are summarized in Table 37. 

Adjustment of commercial chromatographs. Adaptation 
of the chromatograph is a rather complex and time-consu- 
ming process. During the period of test performance, suit- 
able operating conditions must be selected for the appara- 
tus, methods of chromatographic analysis be worked out 
and characteristics chosen, which would provide for a stable 
operation of the apparatus and ensure the most accurate 
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analysis results. The characteristics which immediately 
affect the analysis results are temperature in a thermostat, 
detector current, thermometer current, carrier-gas flow rate, 
and the analyzed mixture flow rate. Of primary importance 
for the most favourable separation of components is the 
selection of the column packing which is decided by the 
composition of the analyzed gas and the required separation 
into these or other components. 

Recommendations for selecting the packing are given 
below. 


Composition of the ana- Column packing Column length, m, 
lyzed mixture with the 6-mm 
inside diameter 
Air, CO, CO,, CH, Silica gel MSM, 2 to 4 
CyH,, CoH, 0.25 mm fractions 
C, to C, (the best sepa- Mixture of _ tripoli 6 
ration of all C) from the Zikeevsk 


quarry (TZK) with 
3 to 5% of petro- 
leum jelly oil 


C, to C, (for determi- A mixture of TZK 2 
nation of the total and 3 to 10% of 
Cs and Cs) petroleum jelly oil 

C, (separation of all A mixture of TZK 12 to 15 
isomers of C,) and 6 to 8% petrol- 


eum jelly oil 


Chromatograph maintenance under normal operation 
consists of a periodic replacement of the chart paper, pou- 
ring ink into pens, check on the voltage across the terminals 
of a dry cell, zero checking of the detector; check on the cur- 
rent through the thermometer, detector and on the tempera- 
ture in the thermostat; monitoring of the detector ambient 
temperature which must of necessity be lower than the 
thermostatting temperature by not less than 5°C; monitoring 
of the carrier-gas flow rate (pressure in the carrier-gas bulb 
must not be less than 49 x 10* Pa (5 kgf/cm?); monitoring 
of the analyzed gas stream and its pressure upstream and 
downstream of a high-pressure reducer. 

During operation, the sulphur-purifying filter must be 
watched to be replaced by another filled with a fresh absor- 
bent when saturated with sulphurous impurities. An indi- 
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cator to determine filter saturation is a filtering paper 
impregnated with 1% solution of lead acetate. When the 
filter is saturated with sulphurous compounds the paper 
becomes black. 

The analysis results are recorded on the chart of a secon- 
dary instrument as a curve with characteristic peaks corres- 
ponding to the main constituents of the gas. When the 
column packing is used up, the components are not separa- 
ted completely. As a result, the peaks on the chromatogram 
decrease in height and overlap, which prevents their inter- 
pretation. In this case the- packing must be replaced. For 
the replacement, the instrument is stopped and the detector 
is dismantled. To this end, the supply is disconnected and 
the streams of the carrier gas, analyzed gas and command 
air are shut off. The transducer may be dismantled only 
after its temperature becomes as low as 80°C (at a higher 
temperature an explosion is likely to occur). Only specially 
trained personnel may be allowed to perform dismantling. 
After checking the transducer temperature, the collar, cover, 
and electrical heater are removed, and the column is replaced. 

In the maintenance of the transducer, one must ensure 
that no rust appear on its surface or water get into the 
interior. To protect from corrosion, the transducer surface 
is oiled witha lubricant grease. Monthly and each time after 
an inspection its explosion-protection elements are checked. 

During the chromatograph operation, distortions of the 
chromatogram are possible due to violations of the process 
scheme. In this case components may appear ina sample, 
which are usually absent at the normal operation of the 
process plant. To reveal the cause of the distortions, the 
time set-point device must be disconnected, and use should 
be made of an arrangement for manually switching over 
control signals. The analyses in this case must be carried 
out with longer cycles. 

If the index drifts from the zero mark by a considerable 
amount from the instant a sample is introduced up to the 
appearance of the first peak, the automatic zero adjustment 
must be set by the timeset-point device so that it operates 
from the instant the sample is introduced to the instant of 
the first component appearance. Then the zero line (index 
position) coincides with the zero mark. 
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Table 38 indicates the main faults in a chromatograph 
operation, their causes and methods of remedy, with the 
KhP-499 and, KhPA-4 chromatographs taken as examples. 


6.5. Photoelectric Colorimetric Gas Analyzer, 
Type FGTs 


General. The tape photoelectric colorimeter gas analyzer, 
Type FGTs, is essentially a stationary automatic cyclic 
apparatus made up of a detector unit, a supply unit and 
a potentiometric secondary instrument, Type PSR-03 (0 to 
10 mV). 

The gas analyzer is designed to detect the critical values 
of microconcentrations of gases (hydrogen sulphide, phosge- 
ne, prussic acid, ammonia gas and others) present in the 
production areas or on process lines and promoting colour 
reaction with a dry impregnated tape. The analyzer can be 
used to actuate an alarm. The detector unit of the gas analy- 
zer may be installed in explosion-hazardous locations of 
all classes, while the secondary instrument and supply unit 
with a control arrangement must be installed in explosion- 
proof areas. 

The technical characteristics of the gas analyzers, Type 
FGTs, are summarized in Table 39. 


Table 39 
Technical Characteristics of Gas Analyzers, 
Type FGTs 
Instrument Ran Analyzed | Cycle fae 
ge, compo- | time, rate Note 
mg/m3 nent min m 
FGTs-1A 0-1 H,S 3 60 | Under pressure 
FGTs-1B 0-3 Same 5 20 ame 
FGTs-1V 0-10 Same 5 6 Drawn through 
FGTs-1G 0-0.3 Same 20 60 Under pressure 
FGTs-4D 0-0.1 Same 20 120 ame 
FGTs-tE 0-30 Same 5 2 Drawn through 
FGTs-2 0-0.5 COCI, 4 120 Same 
FGTs-3 0-0.5 HCN 4 90 Same 
FGTs-4 0-20 NHg3 5 2 Same 
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At the location of the instrument installation, the am- 
bient temperature must be from 5 to 50°C, relative humidity 
from 30 to 80%, barometric pressure from 9 x 10* to 
10.3 x 104 Pa. The basic reduced error of the gas analyzer 
does not exceed +20% of full scale. Complementary error 
is (a) 410% of full scale with the ambient temperature 
departure from the normal, (b) not over +6% of full scale 


Fig. 47. Schematic diagram of gas analyzer, Type FGTs 


1—PDU-A panel; 2—air scrubber FV-10; 3—VZ-2 shut-off valve; 4—check 

filter; 5—rotameter;+6—gas flow rate controller, Type RRG-1A; 7—gas switch; 

8, 9—bellows; 10—take-up reel; 11, 15—slide valves; 12—impregnated tape; 
13—gas chamber of photo unit; 14—feed reel 


with the supply voltage variation within 220 V'?%. The 
time of the instrument warming-up is no more than 2 h. 

Operating principle. The instrument relies on the selec- 
tive colour reaction between the analyzed component and 
the reagent solution with which the tape is impregnated. 
As a result of the reaction a coloured spot forms on the tape. 

Photoelectric measurement of colouring is performed by 
a differential bridge circuit with two FSK-G1 photo-con- 
ductive cells connected to form the arms of a bridge (wor- 
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king RZ and comparison R2, Fig. 47). The source of illumi- 
nation of the photo-conductive cells is lamp Li. A light 
beam reflected from the colouredspot on the tape is incident 
upon the working photo-conductive cell, and a beam coming 
directly from the light source, through an aperture of a va- 
riable cross-section, falls on the comparison photo-conduc- 
tive cell. 

When the intensities of the light beams incident upon 
the photo-conductive cells are equal, the arising photocur- 
rents are equal and no unbalance current appears in the 
bridge. 

The unbalance signal, appearing when the light fluxes 
are different, is amplified by an emitter follower and is fed 
via an isolating transformer to a phase-sensitive rectifier 
and then to a secondary instrument. 

The cyclic operation of the instrument is ensured by 
a command arrangement which opens a compressed-air line 
and directs the air to a pneumatic drive of the mechanism 
for desealing the photo unit gas chamber and of the tape 
transport mechanism, and also blocks the secondary instru- 
ment input for the period of the tape advancement. 

The gas scheme of the gas analyzer designed to operate 
under the conditions of the pressurized gas mixture at the 
inlet to detector includes the following sequence of 
elements: a shut-off valve, 3, a check filter, 4, a rotameter, 
5, a gas flow controller, 6, a gas switch, 7, a gas chamber, 
13, of the photo unit. Gas under a pressure set by control- 
ler, 6, through shut-off valve 3, check filter 4 and rota- 
meter 5, is fed to gas flow controller 6 which ensures a con- 
stant gas flow within the input pressure changes +25% 
of the rated flow, and further to gas switch 7 and gas cham- 
ber 13 of the photo unit. 

Being for the period of the tape movement under the 
pressure of air, the gas switch having two chambers with 
diaphragms shuts off the gas inlet and outlet lines of the 
photo unit. After the tape is stopped, the air pressure is 
removed and the diaphragms open the lines of the gas inlet 
and outlet in the photo unit gas chamber. The gas is purged 
through the tape and passes to a discharge line. 

The analyzer air line is intended to actuate the detector 
pneumatic drive and to control the gas switch. The air line 
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is made up of an air scrubber, 2, a panel, 7, a valve, 15, of 
the command arrangement, and elements constituting the 
detector unit, namely, a gas switch, 7, a bellows, 8, a slide 
valve, 11, of the unit for desealing the gas chamber, a bel- 
lows, 9, of the tape transport mechanism. 

Air, purified in the scrubber and reduced to a pressure 
of 15 x 10‘ Pa (1.5 kgf/em) by the reducer of panel 7, is 
continuously fed through a port in the supply unit to the 
valve of the command arrangement. After the gas has been 
purged, valve 75 delivers air to the detector unit and, under 
the action of compressed air, gas switch 7 cuts off the gas 
inlet and outlet lines of gas chamber 13; bellows 8 of the 
desealing unit moves the rod downward thereby releasing 
tape 72 and enabling, by means of the slide valve arrange- 
ment, air supply to bellows 9 of the tape transport mecha- 
nism; the rod of the tape transport under the action of the 
bellows moves a ratchet gear associated with the drive rol- 
ler of the tape transport mechanism. 

After the elapse of time required for the tape advance- 
ment, the valve of the command arrangement stops air 
supply to the detector and opens the line of the residual 
pressure discharge. The mechanisms of the pneumatic 
drive under the action of the return springs take the origi- 
nal position, and the diaphragms of the gas switch open the 
gas inlet and outlet lines of the photo unit. 

The diagram of the gas analyzer, Type FGTs, with the 
ejection of the air (gas) of production areas includes in 
succession the following elements: a check filter, 3 (Fig. 48), 
a rotameter, 4, a gas chamber, 73, of a photo unit, a gas 
flow controller, 7, and an air ejector, 5. 

The air ejector creates a vacuum at the outlet from the 
gas flow controller which results in sucking of the analyzed 
air (gas) at a constant speed through the gas analyzer detec- 
tor. The analyzed air is sucked through the impregnated 
tape, passes to the inlet of the controller and thence, toge- 
ther with the air stream, is delivered to a discharge line. 

. The air line intended for ejecting air (gas) comprises two 
branches and is designed to move the pneumatic drive of 
the detector unit and to create vacuum at the outlet from 
the gas flow controller. 
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One branch of the line which controls the detector pneu- 
matic drive consists of an air scrubber, 2, a panel, 7, a slide 
valve, 8, of the command arrangement, a bellows, 9, and 
a slide valve, 14, of the desealing unit, a bellows, 10, of 
the tape transport mechanism. 

The other branch includes an air scrubber, 1/5, a panel, 
16, a needle shut-off valve, 77, and an air ejector, 5. 

The air scrubbed and reduced to a pressure of 15 x 104 Pa 
(1.5 kgf/cm?) is fed through the needle valve to the air 


re 


Fig. 48. Schematic diagram of gas analyzer, Type FGTs, with air 
ejection 
1, 16—PDU-A panels; 2, 15—air scrubber FV-10; 3—check filter; 4—rotameter; 
5—air ejector VEZh-2; 6—feed reel; 7—gas flow rate controller, Type RRG-1A; 
8, 14—slide valves; 9, 10—bellows; 11—take-up reel; 12—impregnated tape; 
13—gas chamber of photo unit; 17—VZ-2 shut-off valve 


ejector, which creates the required vacuum at the outlet 
of the gas flow controller. The needle valve is necessary 
to remove air from the ejector when checking and adjusting 
zero of the gas analyzer by the unused impregnated tape. 
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6.6. Alarm Devices to Monitor the Content of Gas 
and Vapours in the Air of Production Areas 


The operation of the instruments is based on the determi- 
nation of heat of gas combustion on the surface of a cataly- 
tically active platinum filament connected into the circuit 
of an unbalanced bridge. The degree of the bridge unbalance 
is detected by a secondary indicating instrument. 

Alarm device of the content of gas and vapours in air, 
Type SGG-2. The alarm device is made up of the following 
units: a detector, an electrical unit and a secondary instru- 
ment. The alarm devices are calibrated for one of the gases 
given in Table 40. 

Table 40 


Components Being Monitored and Measurement Ranges 
of the Alarm Device, Type SGG-2 


Alarm con- 


i asi Tor, 
Gas or vapour being determined Le Pole my (by. vo 
me)* lume) 
SGG-2-V2B: 
methane 4.00 +0.20 
cyclohexane 0.26 +0.05 
propane 0.50 +0.10 
ethyl alcohol 0.60 +0.20 
divinyl 0.30 +0.10 
methyl alcohol 1.10 +£0.50 
benzene 0.22 +0.10 
ethyl acetate 0.44 +0.10 
propylene 0.40 +0.10 
magnetic varnish solvent 0.36 +0.05 
vinyl acetate 0.50 +0.25 
acetic acid 1.20 +0.16 
styrene 0.22 _ 
SGG-2-V3G: 

gasoline B-70 and B-91/415 0.20 +0.05 
kerosene T-1 (at 205°C) 20.00 _ 
ethylene 0.60 +0.15 
acetone 10.00 —_ 
coke oven gas 0.80 +0.20 
diethyl ether 0.40 +0.10 


* For T-1 kerosene and acetone, alarm concentrations are given in terms 
of mg/l. 
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The alarm device is energized automatically when the 
amount of gas in the air being monitored reaches 20% 
of the lower limit of explosion-hazardous concentration. 
The gas analyzer detector is installed in the locations where 
the combustion gases are most likely to appear. The air 
of the production areas must continuously pass through 
the detector. To develop a pressure differential [not less 
than 50 Pa (5 mm H,0)], the detector is connected to a 
ventilation system, a smoke flue or other suitable 
means. 

The alarm devices are also provided with separate ejector 
devices (VEZh). 

The alarm device of the content of gases and vapours in 
air, Type SGP-1. The device is intended to continuously 
monitor the amount of petroleum and petroleum products 
vapours in the air of production areas and to automatically 
actuate an alarm. The SGP-1 ensures continuous monitoring 
of the vapour concentration at six points, delivery of the 
signals ‘Switch on ventilation’, ‘Cut off ventilation’, ‘Emer- 
gency disconnection’, ‘Malfunction’ and automatic zero 
adjustment. 

The alarm device set includes a detector unit, a secon- 
dary unit and a gas switch. 

The operating principle of the instrument is based on the 
determination of a thermal effect due to the oxidation of 
combustible vapours on the catalytically active element 
connected to a bridge circuit. The catalytically active ele- 
ment consists of a small cylinder impregnated with a catalyst. 
The thermal effect due to oxidation is measured with the 
use of a platinum coil wound on this cylinder. With an in- 
crease of the combustible vapour content in the analyzed 
gas, the temperature of the catalytically active element 
rises, the resistance of the platinum coil increases and the 
bridge becomes unbalanced. When the bridge unbalance 
attains a certain value, a transistor device operates and 
energizes the ventilation circuit (‘Switch on ventilation’). 
Ventilation is switched off when concentration of combus- 
tible vapours in the analyzed mixture is reduced to a cer- 
tain level. If concentration of vapours in the production 
area becomes hazardous despite the ventilation, the alarm 
operates and cuts off the supply of the electrical equipment 
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in explosion-hazardous locations (‘Emergency disconnec- 
tion’) 
Brief specifications for the alarm device, Type SGP-1: 


+10% 
Instrument supply ............ 220 V—10% 
50 Hz + 2% 
alternating current 
Power consumed, V A, not over ...... 70 
Ambient temperature, °C, with a relative humi- 
dity of up to 80% ........... from 5 to 40 
Atmospheric pressure, mm Hg ....... 730 + 50 
The content of mechanical impurities in the 
controlled medium, g/m°, not over .. . 0.05 


Modification of the alarm device detector unit V3G 
Modification of the secondary instrument unit common 
Overall dimensions, mm: 


detector unit .............. 165 x 400 x 565 

secondary instrument unit ....... 240 x 240 x 465 

gas switch ...........2.0042. 189 x 300 x 360 
Mass, kg: 

detector unit .............. 30 

secondary instrument unit ....... 1.5 

gas switch ............... 1.0 


The alarm device is calibrated for the following products 
forming vapour-gas mixtures: tractor kerosene, gasolines 
B-70, A-72, A-66, B-95/130, Romashkinskaya, Tuimazin- 
skaya and Mukhanovskaya crude oils. 

The instrument delivers the signal ‘Switch on ventila- 
tion’ with the concentration of vapours 25 + 14% of the 
lower limit of explosion hazard. With a reduction of vapour 
concentration down to 91%% the ventilation is disconnected. 
When vapour concentration reaches 30 + 20%, the instru- 
ment delivers the signal ‘Emergency disconnection’ not 
later than in 50 s. If the measuring circuit supply line is 
disrupted or the instrument supply is disconnected, the 
‘Malfunction’ signal appears. 

The analyzer is provided with a gas switch which perio- 
dically connects to the detector unit each of the six points 
controlled, and the device for automatic zero adjustment 
every 5 hours. 

The analyzed medium must not contain corrosive sub- 
stances which are poisonous to the catalysts of the platinum 
group, namely, chlor-, sulphur-, phosphor-containing com- 
pounds in concentrations exceeding sanitary standard speci- 
fications. 
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6.7. Infrared Automatic Liquid Analyzers, Type AlZh-1 


Automatic liquid analyzer, Tyfe AIZh-1, is intended to 
determine the content of some components in such media as 
methanol, acetic acid, weak nitric acid and the like. 
The instrument relies on the ability of the analyzed mix- 
ture to selectively absorb radiation in the near infrared 
region of the spectrum (0.75 to 2.5um). 
Data about the AIZh-1 analyzer are given in Table 41. 
Table 41 


Modifications and Technical Characteristics 
of the Analyzer, Type AIZh-1 


Instru- ie 
Modifica- | Analyzed | Gas mixture or medium in which ment 
tion compo- the component is determined scale, % *0 
nent (by mass) | range 


AIZh-1-01] Water Methanol 90.0+5%, water 3] 0 to 10 |] +4 
to 10%, higher alcohols 3+2%, 
ethers 1+0.5%, aldehydes and 
ketones 0.08--0.02%, acids 
0.05+0.02%, iron 0.50.3 mg/ml, 
sulphur 0.015-+-0.005 mg/ml 
AIZh-1-02| Water Methanol 99-99.5%, water] 0 to5 | +4 
0.03-0.1%, acid number is 0.015- 
0.08 mg of KOH per g of the 
product, ether srigiber is 0.028- 
0.08 mg of KOH per g of the 
product, aldehydes iad ketones 
(ae calculated for acetone) 0.04- 
7 


AIZh-1-14| Acetic Acetic anhydride 90-99% (by |90to100 | +4 
anhyd- | mass), acetic acid 10-1% (by 
ride |mass), acetone (traces), acetal- 
dehyde (traces) 


Used as the secondary instruments are electronic auto- 
matic recording potentiometers, Type EPD. 


6.8. Automatic Sulphur Analyzer in the Stream 
of Diesel Fuel, Type AZhS-1 


Sulphur content in gasoline, diesel fuel, fuel oil and other 
petroleum products is an important index of their quality. 

The conventional analytical methods for the determina- 
tion of sulphur content by burning a sample in a lamp 
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(GOST 3877-49), by burning a sample in a bomb (GOST 
3877-49), an accelerated method (GOST 1437-56) are not 
efficient because it takes from 1 to 10 hours and more to 
carry out such analyses. 

Among the available automatic methods of sulphur con- 
tent determination the most promising is a radiometric 
one which uses soft gamma-radiation of radioactive isoto- 
pes (5F), 

The AZhS-1 instrument (scintillation liquid analyzer) 
is an automatic analyzer for the continuous recording of 
sulphur concentration in the stream of diesel fuel directly 
on process plants. Used as a detector is the radiation of 
a scintillation counter. The scintillation counter is made 
up of a scintillator and a photoelectric multiplier. The 
scintillator (usually a crystal or a plastic material) features 
the ability to provide a light flash when absorbing a particle 
(or gamma-quantum). The scintillator is optically connec- 
ted with the photoelectric multiplier. 

The AZhS-1 analyzer is made up of three units: a trans- 
ducer, an electronic unit and a secondary instrument 
(Fig. 49). The source of the working channel, J,, in the 
instrument is isotope ©5F, the radiation detector is a scin- 
tillation counter consisting of a scintillator S and a photo- 
multiplier FEU and connected to a balance-type measuring 
circuit. The photomultiplier, FEU-35, used in the instru- 
ment, has a low level of intrinsic noise which enables the 
relationship between the height of the =F radiation pulses 
and the maximum noise amplitude of FEU to be appro- 
ximately 2:1. This relationship is adequate to separate 
useful signals from noise by amplifying the output from 
the FEU and clipping by pulse-height discriminator 3 in- 
terference signals after amplification. Instability of the 
amplification factor of the FEU and also the entire ampli- 
fication stage is balanced by a balance-type measuring 
circuit. This scheme employs two =F sources. Before source 
I, of the working channel, a through vessel with the analyzed 
liquid is installed, and before source J, of the reference 
channel, a compensation wedge, K. Fluxes of radiation 
from the working and reference channels, J, and f,, fall 
onto the scintillation counter alternately due to the rota- 
tion of shutter Ob, alternately overlapping the fluxes. 
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Voltage pulses from the output of the FEU are power ampli- 
fied by a cathode follower, /, and amplitude amplified by 
a linear pulse amplifier, 2, with the amplification factor 
adjustable within 200 to 500. The amplified pulses are fed 
to discriminator 3. Normalized pulses are applied to the 
input of a counting rate meter, 4. 

If the intensities in the working and reference channels 
are different (J,—J,) the alternating-current component is 


Transducer Electronic unit Air 


Fig. 49. Schematic diagram of AZhS-1 analyzer 


I,—source of the working channel; I,—source of the reference channel; S— 
scintillator; |FEU—photomultiplicr; Ob,, Ob,—shutters; _K—compensation 
wedge; ZF—zero flapper, EPD—electronic potentiometer; FS K—photoconduct- 
ive cell; L—illuminating lamp; E N—electronic heater; Tk —contact thermometer; 
SD-54—synchronous motor; RD-09—reversible motor; TP—thermal safety de- 
vice; 1—cathode follower; 2—pulse amplifier; 3—discriminator; 4—counting rate 
meter; 5—a.c. amplifier; 6—phase-sensitive rectifier; 7—reversible motor control 
system; 8—light transducer signal amplifier; 9—supply unit; 10—high-voltage 
rectifier; 11—potentiometric transducer; 12—electron relay; 13—pressure relay 


amplified by an a.c. amplifier, 5. The amplified a.c. voltage 
is rectified: in a rectifier, 6, employing a polarized relay, 
RP-4. The relay armature is fed a rectified signal, and the 
winding is fed a control signal of the same frequency sup- 
plied from the phototransducer and amplified in an ampli- 
fier, 8. The phototransducer is made up of a photo-conduc- 
tive cell, FSK, which receives light from lamp L, interrup- 
ted by shutter Ob,. The rectified voltage is proportional 
to the intensity difference, [, — J,. This voltage is fed 
through a control system to a reversible motor, RD-09, 
causing its rotation in the appropriate direction. 


11—0324 
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The motor is operatively connected to a compensation 
wedge, K, thereby providing balancing of the intensities 
in both channels of the instrument. The compensation 
wedge is made from polyethylene. It grows in thickness 
linearly from the apex to the base. The range of the thick- 
ness measurement is selected such that the angle of rotation 


| Calibration 
O liquid 220-Va.c. mains 
ms J 

U 


Fig. 50. Schematic diagram of the AZhS-1 analyzer set 
1—transducer; 2, 7, 10, 12, 14—valves; 3—secondary instrument; 4—electronic 
unit; 5—air-pressure relay; 6—remote control panel; 8—pressure gauge; 9— 

filter; 71—liquid pressure reducing device; 13—rotameter 


of the wedge with a change in the sulphur concentration 
in the analyzed medium is a linear function of the concen- 
tration. 

Associated with the reversible motor is a potentiomet- 
ric transducer, /7. The voltage from the transducer is trans- 
mitted to a secondary instrument, EPD, with a scale calib- 
rated in percentage (by mass) of sulphur content. Cathode 
and stabilized anode voltages are fed to the measuring cir- 
cuit from supply unit 9 and high-voltage rectifier 70. 

The temperature of the analyzed product is maintained 
by a heater, EN, controlled by an electron relay, (2, 
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which operates from a contact thermometer, TK. In case 
the heater fails, a thermal safety device, TP, operates. 

The elements of the electronié circuit motnted in a com- 
mon case are cooled by purging air. Pressure relay 73 cont- 
rols the purging. The instrument transducer is explosion 
protected and has a cast silumin case with detachable side 
panels, which enables easy access to the zero and range 
adjustments. The central compartment which accommoda- 
tes the source of radiation, isotope *F, the through vessel, 
compensation wedge, synchronous motor, shutters and the 
thermostat of the controlled liquid is hermetically sealed 
from the side compartments of the transducer. 

The electronic unit is dust- and spraytight and is housed 
in a steel cast casing. It consists of four units: a pulse amp- 
lifier, a recording unit, a supply unit and a stabilized 
high-voltage rectifier. 

The secondary instrument is built around an electronic 

- potentiometer. The scale is calibrated in percentage of 
sulphur (by mass). 

The block diagram of the analyzer, Type AZhS-1, is 
shown in Fig. 50. The specification for the instrument is 
given below. 


Instrumont calibration, % (by mass) of 
sulphur content in diesel fuel with the 


density 0.550 + 0.005 g/cm® 0 to 2 
Indication error, % of full scale (+ 0. 1% 
of sulphur), not over ..... +5 


Instrument time constant (with no ac- 
count of the lag due to the length of 


the supply line), s, not over . . 60 
Gauge pressure of the analyzed liquid, 
Pa (at), eo eo a ae es - 12.7 x 104 to 413.7 x 104 


(4.3 to 1.4) 
Ambient temperature at the relative 
humidity up to 80%, °C ..... 25 to 35 


Supply: 
rom a.c. mains ........4.. 220 + 20 V, 50 Hz 
from a compressed air line, Pa (at) te x to 58.8 x 104 
to 
Dimensions, mm: 
transducer ............ 300 x 350 x 400 
electronic unit ........ .- . 350 x 350 x 400 


No protection means are required when operating with 
the instrument as the radioactive radiation does not pene- 
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trate through its case. The secondary instrument can be at 
a distance of 100 m from the transducer. The transducer and 
electronic unit cases are mounted on cantilevers (or on shock- 
absorbers). The diesel fuel is introduced into the room via 
a tapping line from the main process line. To prevent the 
accumulation of diesel fuel vapours in the air (in case of 
a leak in the line) provision may be made for suction-and- 
exhaust ventilation made complete with the electric supply 
of the instrument. 

The laying of the inter-unit connection lines is made by 
cables. The cable connecting the transducer and the secon- 
dary instrument is placed into a metallic pipe. 

A number of operations must be performed after the 
analyzer has been installed on the plant in conformity with 
the instructions supplied by the manufacturer. 

To calibrate the instrument, a calibration liquid is 
poured into the instrument. Zero concentration of sulphur 
can be imitated by a ‘zero mixture’ consisting of 30% 
(by volume) of gasoline of grade ‘Kalosha’ and 70% (by 
volume) of benzene. By pouring technical acetone into the 
instrument, sulphur concentration of 1.9% can be imitated. 
These imitating liquids can be used because the absorption 
of 55F radiation by them is equivalent to the absorption 
of the same radiation by the diesel fuel with the sulphur 
concentration of 0 and 1.9%, respectively. 


6.9. Viscosimeters 


To measure the viscosity of liquids use is made of three 
types of viscosimeters, namely, rotational, capillary (by 
pressure differential) and vibrational (ultrasonic). 

The rotational-type viscosimeter is based on the rota- 
tion of a spindle at a constant speed in the measured liquid 
which is at a constant temperature of thermostatting. Chan- 
ges in the liquid viscosity are detected as the equivalent 
changes in the power consumed by the rotating spindle 
drive. 

Capillary viscosimeters relate to the most simple designs 
as regards the principle of operation. Viscosity is measured 
by the pressure differential across a capillary through which 
a liquid is pumped. The measuring part of the viscosimeter 
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is placed into a thermostat. The viscosity of a liquid is 
determined by the difference in pressures upstream of the 
capillary and at the outlet from the capillary. The pressure 
differential is measured by a differential-pressure measuring 
device whose scale is calibrated in viscosity units. 

Vibrational viscosimeters rely on the measurement of the 
effect of the liquid on a flat plate vibrating with a certain 
frequency. During the plate vibration, shear waves retarding 
the plate movement develop in the liquid. The retarding 
force is a function of the viscosity and density of the liquid. 
Commonly, use is made of ultrasonic vibrations (23 to 
28 kHz). The plate is of a magnetostrictive material (such 
as nickel alloy). The middle portion of the plate is secured 
to the end of a sleeve encasing a field coil supplied from 
a pulse generator. When the coil is energized, magnetoelastic 
deformation arises in the plate, and when the coil is dis- 
connected from the supply, the plate performs damped 
vibrations. The frequency of these vibrations is defined 
by the geometry (size) of the plate, while viscosity of the 
liquid determines the amplitude of the damped vibra- 
tions. 

During natural vibrations of the plate, an e.m.f. having 
the frequency of the plate vibrations is induced in the coil 
due to a reverse magnetostriction effect. This e.m.f. ensures 
the pulse generator blocking up to the instant the plate 
stops vibrating; then the generator is excited again. 

Thus, the interval of time between the consecutive exci- 
tations of the pulse generator is a measure of the intensity 
of the vibration damping. The greater the viscosity of the 
liquid, the shorter the intervals between the pulses. 

An electronic detector measures the average interval 
between the pulses, the instrument scale being calibrated 
in terms of viscosity. 

The technical characteristics of the viscosimeters are 
listed in Table 42. 


6.10. ATP Instrument 


The ATP instrument is intended for automatic periodic 
measurement of the melting point of petroleum products 
(paraffin, cerezin, gatch, paraffin drip, and the like). 


CH. 6. AUTOMATIC QUALITY ANALYZERS 167 


The melting point is determined by an optical method. 
The measuring principle is based on the extremal dependence 
of the light flux leaving a measuring vessel on the transi- 
tion of the product in the vessel from one aggregate state 
into another. Such a dependence is ensured by a specially 
designed vessel made up of an orifice plate and an opaque 
screen disposed in the path of light inside the product. 

The molten product in the vessel is ‘sighted through’ 
by a light flux from lamp LJ (Fig. 51); the amount of light 


water water air 


Fig. 54. Schematic diagram of the ATP-61 instrument 


Tn—thermocouple; TK, and TK,—thermometers of the TPK type; SK—valve 

with electric drive; PK, to PK,—valves with pneumatic drive; R,—photocon- 

ductive cell FSK-2; L,—illuminating lamp STs-61; Ze, to Ze,—pneumatic valves 
of the KEP-12u instrument 


emerging from the vessel is recorded by means of photo-con- 
ductive cell R, on the strip of a two-point potentiometer, 
Type EPP-09M1; the second potentiometer channel records 
the product temperature by means of a chromel-copel ther- 
mocouple Tn. The temperature at which the record of the 
light flux attains a maximum is the melting point. 

A sample is drawn off the process stream through a pneu- 
matic valve PK, and is directed to an optical vessel. When 
valve PK, closes after the sampling, a cooling water is deli- 
vered through a pneumatic valve, PK., into a jacket sur- 
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rounding the vessel, and the product contained in the vessel 
solidifies. Now the temperature of the product and its ‘trans- 
parence’ are recorded on the strip chart of the secondary 
instrument, Type EPP-09M1 (for the rest of the time the 
chart transport mechanism of the secondary instrument is 
off; because of this all the cycles are recorded identically 
and the useless strip chart consumption is avoided). 

After the product has solidified in the vessel, valve PK, 
closes and, at the same time, valve PK, opens and delivers 
hot water into the vessel jacket. After the product has 
melted in the vessel, pneumatic valve PK, closes and valve 
PK, opens. A new portion of the product washes the vessel 
and fills it up anew. The analysis cycle is repeated again. 

The operation of the pneumatic valves is controlled by 
an electropneumatic command arrangement, Type KEP-12u, 
and the contact thermometers of type TPK placed in the 
vessel. 

In case the instrument is de-energized, all the valves 
close automatically as solenoid valve SK shuts off the 
supply of the compressed air. 

The ATP instrument is made up of the following func- 
tional units: (1) a measuring vessel unit; (2) a control unit; 
(3) : supply unit; (4) a secondary instrument; (5) connection 
cables. 

All the instrument (transducer) components are mounted 
on the rear wall of the casing (vessel, valves, mains voltage 
stabilizer) and on its cover (control unit and supply unit). 
To facilitate access to the components, the electrical units 
of the instrument are mounted on a hinged flap plate. The 
product, hot and cold water are fed. through ports in the 
instrument rear wall. It also accommodates a pressure and~ 
a safety valve. Connection with the secondary instrument 
and the supply mains is through specialized glands also 
disposed on the instrument rear wall. 

The case is made tight by means of a rubber gasket 
placed in a special groove in the cover which is pressed to 
the case by means of swing bolts with knurled heads. 

The instrument is installed in explosion-hazardous con- 
ditions on a cast metal framework in the vicinity of the 
process stream or in a specialized metal cabinet. Delivered 
to the instrument are a product in a heated pipeline, hot 
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and cold water, compressed air and electrical supply. To 
make the instrument still more explosion-safe, provision 
is made for purging of the caseewith air (the case is made 
air-tight). 

The technical characteristics of the instrument are given 
below. 


Medium ........22200- neutral 
Wore pressure of the stream, Pa 

(kgffom?) ...........2. up to 236 x 104 (20) 
Temperature of the stream, °C’ . up to 120 
Cycle duration of one melting point de- 

termination, min, not over .... 10 
Including: 

heating... 1... ....-0- up to 5 


discharging of sample, washing of 
vessel and its filling up (is con- 
trolled with regard for the operat- 


ing conditions) ........ up to 4 
cooling of sample ....... up to 4 
Range of the melting point measure- 
ment, °C icc ky ae Se ae 20 to 100 


Permissible instrument error in terms of 
the melting point @ compared to the 


Zhukov method), °C ....... +1 
Instrument supply ........ . 220-V, 50-Hz alternating 
current 


Reproducibility of the instrument indi- 
cations, °C. 4. a ees ee +41 


6.11. Instruments to Determine Hydrogen 
lons Concentration 


Basie definitions. Acidity and alkalinity of solutions noti- 
ceably influence the process and the quality of the final 
product in petroleum processing and petro-chemical indu- 
stries. The properties of solutions are defined by the con- 
centration of hydrogen ions in them. Water is dissociated 
into hydrogen ions and hydroxyl ions to the following sche- 
me: HOH = (H*) + (OH°-). 

The process of dissociation and mole production, i.e. 
separation of molecules into ions and new association of 
ions into molecules, takes place continuously, and the 
solution always contains a definite amount of non-decom- 
posed and dissociated molecules. The concentration of both 
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the hydrogen and the hydroxyl ions in water is equal to 
10-7 


If the concentration of hydrogen and hydroxyl! ions in 
a solution is the same, the solution is neutral, if the con- 
centration of hydrogen ions is higher, it is acidic, and if 
the concentration of hydroxy] ions is higher, it is alkaline. 

As the concentration of hydrogen ions is expressed by 
a number with a negative power, it is convenient to use an 
arbitrary number for pH. The magnitude of pH for pure 
water and neutral solutions is 7. If pH is greater than 7 it 
shows that the solution is alkaline; acidic solutions are 
characterized by the pH number smaller than 7. 

To determine the pH number of solutions, the potential 
difference between two electrodes is measured, one of which 
is immersed into the solution being tested and the other, 
into the solution with the known pH. Both solutions must. 
be electrically interconnected. The value of pH is derived 
from the formula 


where E, = potential of the electrode immersed into the 
test solution 

E, = potential of the reference or standard electrode 

€ = constant dependent on temperature; for 20°C, 
¢ = 58.1 mV 

If the potential of the reference electrode is constant, 
then for a definite temperature, i.e. at a constant ¢, a linear 
relationship exists between pH and the potential of the 
measuring electrode. 

In most cases used as a reference electrode is a saturated 
calomel electrode (Fig. 52, left) made up of two glass tubes 
one of which is inserted into the other. The inner tube has 
a partition, 7, with a platinum wire passing through it. 
Placed under the partition are mercury 2 and a layer of 
calomel paste (HgCl,), 3, which are held in place by a cot- 
ton plug, 4. The bottom portion of the inner tube is filled 
-with a solution of KCl of a definite concentration and is 
closed with a ground-in stopper, 5. The outer tube is also 
filled with a solution of KCl. An asbestos wick is fused into 
its bottom to provide contact with the test solution, 
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Most widely used as the measuring electrodes are anti- 


mony or glass electrodes. 


The glass electrode (Fig. 52, tight) allows pH measure- 
ment within the most wide range from 0 to 14. It is essen- 
tially a tube, 6, terminating in a glass bal] with very thin 


walls from 0.05 to 0.4 mm 
thick. Glass composition is 
22% Na,O, 72% SiCaO, and 
6% CaO. The ball is filled 
with a decinormal solution of 
hydrochloric acid into which 
is immersed an electrode, 7, 
made from a platinum wire 
coated with a layer of silver 
chloride. A disadvantage of 
the glass electrode is its very 
high resistance. 

The antimony electrode is 
a rod made of antimony coa- 
ted with antimony oxide. It 
may be used when measuring 
pH in the range from 4 to 10 
as it is soluble in solutions 
with a greater acidity. The 
antimony electrode is very 
sensitive to impurities, par- 
ticularly such as copper and 
silver salts, and that is why its 
potential changes with time 
and an error appears. 

In commercial applications 
of pH-meters, two electrodes, 
such as of glass and calomel, 
are placed in a special vessel 
through which the test solution 


Fig. 52. Calomel (left) and 
glass (right) electrodes 
1—partition; 2—mercury; 3—paste; 
4—cotton plug; 5—stopper; 6—tube; 
7— electrode 


continuously flows. Such an arrangement is known as a 
through transducer of the pH-meter; one of the design forms 
of such a transducer is shown in Fig. 53. 

To determine hydrogen ions concentration of a solution 
flowing through a pipeline under pressure, immersible 
transducers are used in which both electrodes are specially 
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designed and protected from mechanical damage. The elect- 
rodes are immersed immediately in the pipeline. The tech- 
nical characteristics of some such transducers are listed 
in Table 43. 


Fig. 53. Through-transducer of plI-meter 
1—resistance thermometer; 2—glass electrode; 3--calomel electrode 
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pH-Meters. To determine pH by glass and calomel elec- 
trodes, conventional e.m.f.-measuring potentiometers are 
inapplicable as the instrument sensitivity deteriorates by 
virtue of a very high resistance of the glass electrode. 

There have been designed portable, stationary and 
through pH-meters based on the available potentiome- 
ters. 

The portable pH-meter consists of a measuring and an 
electronic unit. The measuring unit is essentially a poten- 
tiometer with two ranges 500 and 800 mV. To measure weak 
currents, a highly sensitive electronic voltmeter is employed 
in the circuit. 

Stationary pH-meters are also constructed on the basis 
of self-balancing potentiometers. 

pH-meters are checked and calibrated by buffer solutions, 
whose pH values are stable. They include solutions of weak 
acids with one of the salts of this acid, or weak bases with 
one of the salts of this base, such as the solution of acetic 
acid with sodium acetate. These solutions feature the advan- 
tage that their pH is not changed when acids or alkalis are 
added to them because of the presence of a salt of a weak 
base or a weak acid. 


CHAPTER SEVEN 


PNEUMATIC INSTRUMENTS 


Pneumatic instruments have found extensive application 
in the automation of production processes. The elements of 
the general-purpose pneumatic control system (USEPPA) 
may be used to build up any automatic control systems, 
systems of optimizing control, relay protection and cyclic 
automatic control circuits, remote control and monitoring 
systems, centralized control and management computers, 
and other industrial control facilities. Such a system of auto- 
matic controllers as ‘Start’ is made up of the USEPPA ele- 
ments and designed, as well as the modular unified system 
(AUS), for integrated automation of production processes 
in various industries. 
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To construct the signalling and control relay circuits 
for pneumatic final control elements, the Soviet industry 
turns out a modular unified system of digital elements, 
AUSEDD. All the systems mentioned above provide stan- 
dard signals from 1.9 x 10* to 9.8 x 104 Pa (0.2-1.0 kgf/cm?). 


7.1. The Instruments of the General-purpose System 
of Industrial Pneumonic Control Elements (USEPPS) 


These instruments are sets of standard analog and digital 
elements, each of which performs a simple logic function. 
The instruments are supplied by a compressed air purified 
from dust, oil and moisture under the pressure of 13 x 104 to 
+0.13 x 10 Pa (4.4 + 0.14 kgf/cm?) from a common mani- 
fold or compressed-air mains through individual reducers 
and filters. The effective range of the digital pneumatic 
signals variation is from 0 to 13 + 1.3 Pa (from 0 to 1.4 + 
+ 0.14 kgf/cm?), the variation range of the analog pneumatic 
signals is from 1.9 x 104 to 9.8 x 10* Pa (0.2 to 4 kgf/cm’). 
The instruments are designed for operation in fire- and 
explosion-hazardous conditions and may be installed in the 
atmosphere of corrosive media which do not affect structu- 
ral steels, non-ferrous metals and their alloys protected by 
chrome-nickel coatings and hammer enamel, and also ano- 
dized aluminium. 

The instrument elements are mounted on plates, the 
elements are in communication through ducts in the plates, 
which contain tubes with a diameter of not less than 4 mm 
made from vinyl chloride plastic. For the connection of 
fittings, the instruments are furnished with threaded holes 
M3.5, which receive connectors with threads, and plane 
holes into which are inserted connectors without threads. 
The instruments may be mounted on the plates by means 
of connectors and cap nuts screwed on the legs on the under- 
side of the plate by means of threaded pins screwed into 
the threaded holes in the cases of the pneumonic elements 
and passing through the plates, by means of cleats and 
coupling screws threaded into nuts molded into the plate. 
All the elements have mounting holes M3. 
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Analog Elements 


Pneumonic resistors. Fixed throttling device P2D.7 is 
a capillary made from a nickel tube. The capillary bore is 
0.18 or 0.3 mm (depending on order), length is 11.5 or 
20 mm. The overall dimensions of the throttling device 
P2D.7 are—20 x 14 x 30 mm. 

Variable throttling device P2D.2 is a clearance-type 
conical throttling device formed by a needle and a bushing. 
Its overall dimensions are 24 x 24 x 46.5 mm. 

Variable throttling device P2D.1 has a scale (calibrated 
in percentage or in minutes). The overall dimensions are 
43.5 x 36 x 47.5 mm. 

Coefficient of discharge of the variable throttling devices 
is from 0 to 14. 

Dividers. Dividers P2S.1 and P2S.2 (Table 44) operate 
in the pneumonic circuits of automatic control systems as 
pressure dividers or adders. Fixed and variable throttling 
devices are structurally combined in the divider body. 

The dividers perform the mathematical operation 


p, = Psshsat (Praha) 
frit fae 
where P,, P,,;, Py, = pressure given in Table 44 

fy, and f,, = coefficients of discharge of the throt- 

tling devices © 
The overall dimensions of the P2S.1 divider are 46.5 x 
x 30 x 30, of the P2S.2 divider 47.5 x 43.5 x 36 mm. 
Repeaters. Repeater P2P.1 (see Table 44) delivers 
a weakly power amplified pneumatic signal equal in pres- 
sure to the input pressure. The repeater has two sections 
divided by a flexible diaphragm the rigid centre of which 
is the flapper of a nozzle with an escape to atmosphere. 
Supply pressure is fed through a fixed orifice, O, to a con- 
nector J, the input pressure is fed to a connector, 72. With 
a change in P;,, the diaphragm is unbalanced and moves 
to a new position of equilibrium, thereby changing P,,; 
by a corresponding value. The highest error of signal repeti- 
tion is 245 Pa (25 mm H,0O). The overall dimensions of the 

P2P.1 repeater are 24 x 30 X 30 mm. 
Repeater with a shift P2P.2 (see Table 44) delivers a sig- 
nal differing from the input signal by a constant value 


Element ee ee 


Divider 


Repeater 


12—0324 
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p2s.1 


P28.2 


P2P.1 


P2P.2 


P2P.6 


177 


Table 44 
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Type 
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Schematic diagram 


12 to 1 1 Hf 
Ay “Ae Fy 


2 ty 1 20 4 


OO A-O 7, 
P p 


12 7 
ies 1Th 
Pi. = Pout 
12 
1 Th 
Pin >= P. out 


178 INSTRUMENTATION MANUAL 


Table 44 eee teat th patina a spode duckie eee 


Schematic diagram 


Element Type 


| 


Repeater P2P.7 


ximum) 
Repeater with 
memory 
P2P.5 
(storage of mi- 
nimum) 


Set-point device | P2ZD.3 


P2P.5 —e-| Ste 
(storage of ma- 
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Table 44 (cont.) 


Element 


Schematic diagram 


Type 


Set-point device} P2ZD.4 


P2ES.4 


P2ES.2 


Comparison 
element 


P2ES.3 
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Table 44 (cont.) 


EJement | Type | Schematic diagram 


PiR.1 


General-pur- 
pose relay valve 


PIR.3 


N 
P3K.1 fo 
2 
Valves 
1! 
P3K.5 / 


Memory cell P2EP.4 
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Table 44 (cont.) 


Schematic diagram 


Element | Type 


Pneumonic D4 ) 
toggle switch PAT.2 Fe. 
M1 
Pneumonic pu h 
shbutton PAKN.3 y 


equal to +1.9 x 10* Pa (4+ 0.2 kgf/cm?). This is achieved 
by the use of two springs whose tension is adjustable by 
screws. The diaphragm of a follow-up chamber is set to an 
equilibrium position with P,,, equal to the algebraic sum 
of P;, and a constant set by the tension of the springs. The 
overall dimensions of the P2P.2 repeater are 52 x 30 x 
<x 30 mm. 

Coarse repeater P2P.6 (see Table 44) repeats a pneumatic 
signal considerably power amplified with a low repetition 
accuracy. It is used in the circuits with deep negative feed- 
back which compensates for the repetition inaccuracy. 
Pi, is fed through a connector, 72, to a chamber, B, the 
supply pressure, through connector 1/7, to a chamber, D, 
under a valve. With the valve open, the supply pressure 
adjusted by the valve passes into chambers C and A and 
further to a connector, 7 (output pressure). The diaphragms 
defining chamber B are deflected to a new position of equi- 
librium by a change in P;,. One of the diaphragms controls 
an inlet ball valve, 2, the other controls flap-and-nozzle 
discharge valve 3. The maximum signal repetition error is 
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0.5 x 104 Pa (0.05 kgf/em?). The overall dimensions of the 
P2P.6 repeater are 25 x 40 x 40 mm. 

Repeater-power amplifier P2P.7 (see Table 44) is designed 
for power amplification of a pneumatic signal with a pres- 
sure amplification factor equal to 1. Input pressure P;,, 
is applied via connector 72 to chamber C, the supply pres- 
sure,via connector JZ, passes to chamber G and through a fi- 
xed restriction, into chambers B and E. With valve 6 open, 
the supply pressure adjusted by the valve passes to cham- 
ber /’, to negative feedback chambers A and D and to a con- 
nector 7 (the output pressure is P,,+). A change in P;, 
causes diaphragm 2 to move in a new position with respect 
to the nozzle so that the pressure in chambers B and EF 
changes significantly. With a greater P,, diaphragm 3 
deflects downward, slightly opening valve 6. A decrease 
in P;, causes downward deflection of diaphragm 5 and the 
opening of output pressure discharge valve 4. The maximum 
signal repetition error is 490 Pa (50 mm H,0). The overall 
dimensions of the P2P.7 repeater are 33.5 x 40 x 40 mm. 

Repeater with memory P2P.5 (see Table 44) is intended 
for the storage and delivery of the maximum or minimum 
signal applied to its input. The repeater consists of two 
sections partitioned by a flexible diaphragm. The rigid 
centre portion of the diaphragm serves as the flapper of 
a flapper-and-nozzle assembly. When storing a maximum, 
P;, is applied to a connector 7 and fed through the nozzle 
to a connector 72. A slight positive tension of the spring 
created by an adjusting screw makes the nozzle open when 
pressure in the chamber under the diaphragm rises by 399 
to 931 Pa (3 to 7 mm Hg). With increasing P;,, the nozzle 
is open and P;, is repeated at the output with a shift created 
by the spring. After P;, reaches its maximum, and then 
decreases, the diaphragm deflects and closes the nozzle, 
the maximum pressure is stored in the chamber over the 
diaphragm, and P,,; is equal to the algebraic difference 
of the maximum pressure and the shift produced by the 
spring. 

When memorizing a minimum, the connection circuit 
of the repeater remains the same, but P;, is applied to a con- 
nector /2, and P,,,; is taken from a connector 7. The repeater 
operation proceeds in the same manner with the difference 
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in that the minimum pressure is ‘stored’ in the chamber 
under the diaphragm and P,,,; is equal to the algebraic sum 
of the minimum pressure and the shift. The overall dimen- 
sions of the P2P.5 repeater are 30 x 30 x 59 mm. 

Set-point device. Low-power set-point device P2ZD.3 (see 
Table 44) creates a stable pressure of compressed air com- 
monly supplied into one-port chambers of the pneumonic 
control instruments. Set-point is adjusted by turning an 
adjusting screw which changes the tension of a spring. The 
diaphragm is in the position of equilibrium when P,,,; 
is in direct proportion to the compressive force of the spring. 
The effective range of the output pressure is 1.9 x 104 to 
9.8 x 104 Pa (0.2 to 1 kgf/cm?). The overall dimensions of 
the P2ZD.3 set-point device are 52 x 30 x 30 mm. 

Control set-point device, Type P2ZD.4 (see Table 44) 
is designed to obtain a stable pneumatic signal. The supply 
pressure is applied to chamber G and, via a fixed throttling 
device, to chambers B and E. With valve 7 open,the supply 
pressure adjusted by the valve is delivered to chamber F, 
to the set-point device outlet and to negative-feedback 
chambers A and C. A change in the compression of helical 
spring 2 (by means of an adjuster screw) displaces diaphragm 
8 to a new position relative to nozzle 4 and the pressure 
in chambers B and E varies. When this pressure increases, 
diaphragm 5 deflects downward and slightly opens valve 7; 
if the pressure decreases diaphragm 3 deflects upward and 
opens a dump valve, 6. The set-point device is board mounted 
but on special order may be made as plate-mounted. The 
overall dimensions are 102 x 40 x 40 mm. 

Comparison elements. Comparison element P2ES.1 (see 
Table 44) compares two analog pneumatic signals and deli- 
vers digital output error signals 0 or 1 with a discrepancy 
in the compared pressures. The pressures being compared are 
applied to connectors 2 and 12, the supply pressure to a con- 
nector 77, and connector 3 communicates with atmosphere, 
P.,,; is taken from connector 73 connected to connector J. 
A discrepancy in the compared pressure causes displace- 
ment of the diaphragm box which consists of three flat 
tubber-fabric diaphragms interconnected by a rigid centre. 
The displacement of the diaphragm box causes either a nozzle 
connected with a connector, 77, or a nozzle connected with 
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connector 3 to open. The position of the nozzles is adjustable 
along the element centre line. This provides for a highly 
accurate adjustment of the comparison element. The maxi- 
mum difference between the pressures at the instant the 
comparison element operates is 490 Pa (50 mm H,O). The 
overall dimensions of the P2ES.1 comparison element are 
74 x 40 x 40 mm. 

Coarse comparison element P2ES.2 (see Table 44) performs 
the same functions as the comparison element P2ES.1 and 
is of a similar design. The maximum difference between the 
pressures at the instant of operation is 0.5 x 104 Pa 
(0.05 kgf/cm?). The overall dimensions of the P2ES.2 com- 
parison element are 59 x 30 x 30 mm. 

Comparison element P2ES.3 (see Table 44) is designed: 

(a) to compare two or four analog pneumatic signals 
and to obtain the output digital signals 0 or 1 when the 
algebraic sum of the compared pressures is other than zero; 

(b) to add algebraically three pneumatic signals, name- 
ly, two positive signals and one negative. 

The pressures being compared are applied to connectors 2, 
8, 12 and 13, the supply pressure is applied to connector 17, 
and connector 4 is in communication with atmosphere, 
Poy is taken from a connector, 74, connected to connector /. 
When the P2ES.3 operates as a comparison element, either 
an upper or a lower pneumonic contact is open. When it 
functions as an adder P,,;, which in this case is the algebraic 
sum of the compared pressures, is fed either to connector 4 
or connector 3. The maximum error of the P2ES.3 compa- 
rison element is not over 980 Pa (400 mm H,0). The overall 
dimensions are 84 X 40 x 40 mm. 


Digital Elements 


Relay valves. General-purpose three-diaphragm relay valves 
P1R.1 and P1R.3 (see Table 44) perform elementary logic 
and computing operations with digital signals in any pneu- 
monic control systems. The relay valve has basically two 
units: a diaphragm assembly made up of a rubber fabric 
diaphragm interconnected by a rigid centre and two pneu- 
matic contacts of the flapper-nozzle type. Control pressures 
are applied to connectors 72 and 2. One of the control pres- 
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sures is maintained constant (‘affluent’ pressure), the other 
may take up any one of two discrete values: 0 or 1, corres- 
ponding to 0 and 1.3 x 104 Pa’ (0 and 0.14 kgf/cm’). The 
resultant force acting along the axis of the rigid centre cau- 
ses its displacement in the direction of the resultant force. 

In the absence of both control signals, the position of 
the diaphragm assembly of the relay valve P1R.1 is inde- 
finite, whereas the diaphragm assembly of the relay valve 
P1R.3 in the absence of the contro] signals is locked in 
a definite position by a helical spring. The ‘affluent’ pressure 
is selected in accordance with the service conditions: if the 
supply nozzle must be closed under the action of the affluent 
pressure, it is set to be about 0.8 of the supply pressure, 
and if open, the affluent pressure is sufficient to be 0.6 of 
the supply pressure. The difference between the control 
pressures during breaking and making of the pneumonic 
contacts for the P1R.1 relay valve is 0.28 of the supply pres- 
sure, for the P1R.3 relay valve it is 0.22. The overall dimen- 
sions of the relay valves P1R.4 and P1R.3 are 36 x 30 x 30 
and 39 x 30 x 30 mn, respectively. 

Valves. One-contact valve P3K.1 (see Table 44) is intended 
to switch over analog and digital pneumatic signals in 
automatic control systems. The valve is made up of three 
chambers separated by two flat diaphragms. The rigid centre 
of the diaphragms is the flapper of an exhaust nozzle. The 
affluent pressure is fed to connector 2 or 72, the input pres- 
sure is applied to connector 7 or 77. The command pressure 
applied to connector 72 or 2 may take up two discrete 
values: 0 or 4. Depending on the command signal value, 
the diaphragm assembly assumes two positions at which 
the pneumonic contact is either open or closed. The overall 
dimensions of the P3K.4 valve are 24.5 x 30 x 30 mm. 

Valve P3K.5 (see Table 44) performs the logic operation 
OR; a unity signal should appear at the valve output if 
this signal is applied to at least one of the valve inputs. 
The valve may also pass to the output a greater of the two 
analog signals applied to the input. The valve is made up 
of several washers separated by pads. A free diaphragm not 
clamped by the periphery is disposed between two washers 
with nozzles. The washers are drawn together by hollow 
screws which function simultaneously as ports. The diaph- 
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ragm always closes the nozzle fed with a smaller signal, 
and the chamber which accommodates the diaphragm is 
connected with exhaust connector 7. The input pressure is 
applied to connectors 77 and 12. The overall dimensions of 
the P3K.5 valve are 20 x 20 x 15 mm. 

The logic operation OR is also performed by reversing 
valve KP-2. Its overall dimensions are 30 x 30 x 30 mm. 

Memory cell. Analog signal memory cell P2EP.1 (see 
Table 44) repeats an analog signal or stores and delivers 
a current value of an analog signal during some time in 
accordance with the control signal value. The memory cell 
structurally combines a relieved valve with a floating zero 
and a repeater. 

Pn is applied to connectors 2 and 14. Under the action 
of the affluent pressure the nozzle opens, and P;, passes 
from the relieved valve through the nozzle into the repeater 
input chamber and is taken from connector 72. A pressure 
equal to P;, of the repeater is taken from union connector 7. 

If a command signal is fed to connector 3, the nozzle 
closes, and the pressure present at the output at the instant 
the command signal is applied will be locked (‘stored’) 
in the repeater input chamber. This pressure is maintained 
at the output until the command signal is removed. The 
error of the input signal repeater with the nozzle open is 
not over +245 Pa (25 mm H,O). 

Pneumonic toggle switch PIT. 2 bee Table 44) is designed 
to manually switch on a supply circuit or connect it to 
atmosphere. The supply pressure is fed via a connector // 
into a chamber closed by a pneumonic contact of the flap- 
per-nozzle type. When the toggle switch arm is turned, 
a stem opens the pneumonic contact and passes the supply 
pressure into the circuit via connector 72. When the arm 
is turned back, the stem moves upward and the compressed 
air escapes to atmosphere through holes in the stem. The 
overall dimensions of the pneumonic toggle switch are 
51 x 20 x 20 mm. 

Pneumonic pushbutton P1KN.3 (see Table 44) is designed 
for short-duration feeding of the supply pressure into a cir- 
cuit. The pressure is applied through a connector /7 into 
a chamber. With the pushbutton pressed, a stem opens the 
pneumonic contact and passes the supply pressure into the 
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circuit connector 72. When the pushbutton is released, the 
slem moves upward and the compressed air escapes to atmo- 
sphere. The overall dimensions of*the pneumonic pushbutton 
are 44 x 20 x 20 mm. 


7.2. State Unified Instrumentation System (GSP) 


The instruments of the State unified system (GSP) are mo- 
dular-unit constructed and fall into three branches: those 
with remotely transmitted pneumatic, electric-current, and 


Output 
signal 


(4) 


Fig. 54. Circuit diagram ‘of unified transmitter 
(a) pneumatic variable-to-force transmitter; (b) electrical variable-to-force trans- 
mitter; 7—levers; 2—support; 3—zero adjustment; 4—flapper; 5—flapper-nozzle 
unit; 6—amplifier; 7—feedback bellows; 8—measuring unit; 9—flag; 10—crror- 
signal detector; 11—coil; 12—electromagnetic device 


electric-current frequency output signals. The unified sys- 
tem embraces instrumentation for measuring various variab- 
les of thermal engineering including absolute pressure, 
gauge pressure, vacuum, level, etc. 

The instruments incorporate two basic units: a measuring 
unit which transforms a measured variable into force, and 
a transmitter which converts this force into a standard 
output signal — a pneumatic 1.9 x 104 to 9.8 x 10* Pa 
(0.4 to 1 kgf/cm?), an electric-current (0 to 20 mA, 0 to 
5 mA, 0 to 10 V), or an clectric-current frequency (1500 
to 2500 Hz) signal. 

Unified pneumatic variable-to-force transmitter. The 
measuring unit (Fig. 54a) converts a measured variable into 
force P counter-balanced by the force of a feedback bellows, 
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Py. A variation of P brings about an insignificant displa- 
cement of levers 7 and flapper 4. Flapper-nozzle unit 5 
transforms this displacement into compressed-air pressure 
fed to amplifier 6. The amplifier output passes to a remote 
transmission line and into the feedback bellows, 7, where 
it is transformed into feedback force P;, counter-balancing 
the input pressure, P. 

The range of the transmitter output signal variation is 
from 1.9 x 104 to 9.8 x 10* Pa (0.2 to 1 kgf/cm?). The 
transducer is adjusted by zero adjustment 3. The initial 
value of the output signal is set by means of the spring of 
zero adjustment 3. The instrument is supplied by compres- 
sed air under the pressure of 14 x 10* Pa (4.4 kgf/cm?). 
The pneumatic signal can be transmitted to maximum 
300 m. 

Unified electrical variable-to-force transmitter. A pro- 
cess variable is converted in measuring unit 8 (Fig. 54b) 
into force P counter-balanced by feedback force Ps, of an 
electromagnetic device. With a change in P, levers 7 and 
control flag 9 of a differential-transformer error-signal 
detector, 10, move by a small amount. The error-signal 
detector, 70, converts this movement into a.c. voltage fed 
to the input of an electronic amplifier, 6. The amplifier d.c. 
output passes to a remote transmission line and to a series- 
connected coil, 77, of the electromagnetic device, 72, wherein 
it is transformed into feedback force P;, which counter- 
balances the input force, P. The d.c. output signal is con- 
verted into the feedback force in a square-law _trans- 
ducer. 

The measurement range of the d.c. output signal is 
from 0 to 20 or from 0 to 5 mA. The transmitter is adjusted 
by changing the transmission ratio of the leverage by means 
of zero adjustment 3. The initial value of the transmitter 
output signal is set by the spring of zero adjustment 3. 

The electrical transmitters operate in conjunction with 
a semiconductor amplifier. Depending on the amplifier 
type, the output signal variation is either within 0 to 20 mA 
with UP-20 amplifier, or within 0 to 5 mA with UP-20-5 
amplifier. 
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7.3. Pneumatic Instruments of the ‘Start’ System 
Controllers 


On-off controller PR1.5 is designed to obtain pneumatic 
digital signals 0 and 1 when deviation of a controlled vari- 
able from the set-point value causes the corresponding in- 
crease or decrease of pressure arriving at the controller 
input from a controlled-variable transducer. The controller 
can also be used as an alarm device and be set both to a ma- 
ximum and a minimum. The range of the input signals 
and set-point pressure is from 1.9 x 10* to 9.8 x 10* Pa 
(0.2 to 1 kgf/cm). The response error is +1%. 

On-off controller with an adjustable dead band PR1.6 
serves to obtain pneumatic digital signals 0 and 1 when a pro- 
cess variable goes beyond the preset dead band. The cont- 
roller can be used as an alarm device. The range of the 
input signals and set-point pressure is 0 (atmospheric pres- 
sure) and 9.8 x 104 Pa (4 atm). The dead band is adjusted 
within 0.9 x 10* to 8 x 10* Pa (0.1 to 0.8 kgf/cm?). 

Proportional controller RP2.5 is intended to obtain an 
analog proportional control action to maintain the control- 
led variable within the limits which can be ensured when 
monitoring static processes. The working range of the input 
and output pressures is from 1.9 x 10* to 9.8 x 10* Pa 
(0.2 to 1 kgf/cm?). The throttling range is from 5 to 100 and 
from 5 to 3000%. The set-point deviation is +1%. 

Proportional-plus-integral controller PR3.21 maintains 
automatically the set-point value of a controlled variable 
by an analog-plus-integral action. The working range of 
the input and output signals is from 1.9 X104 to 9.8 x 104 Pa 
(0.2 to 1 kgf/cm?). The throttling range is from 5 to 1000 
and from 5 to 3000%. 

Proportional-plus-integral controller with a local set- 
point device PR3.22 maintains automatically the set-point 
value of a controlled variable by an analog proportional- 
plus-integral action. The set-point is adjusted immediately 
in the controller. Time of integration is from 3 to 100 min. 
The throttling range is from 5 to 1000 and from 5 to 3000%. 

Proportional-plus-integral ratio ‘controller PR3.23 is 
designed to obtain an analog proportional-plus-integral 
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control action on the final control element to maintain con- 
stant the ratio of two variables. The working range of the 
input and output signals is from 1.9 x 104 to 9.8 x 104 Pa 
(0.2 to 1 kgf/cm”). The integration time is from 3 to 100 min. 
The throttling range is from 5 to 1000 and from 5 to 3000%. 
Adjustment of the integration time is independent. Ratio 
adjustment range is from 1:1 to 1:10. The set-point change 
is 41%. 

Proportional-plus-integral ratio controller with correc- 
tion by the third variable PR3.24 is intended to obtain an 
analog proportional-plus-integral control action on a final 
control element to maintain a fixed relationship between 
two variables and to introduce an automatic correction. 

The working range of the input and output signals is 
from 1.9 x 10* to 9.8 x 10* Pa (0.2 to 1 kgf/cm?). Time of 
integration is from 3s to 100 min. The throttling range is 
from 5 to 1000 and from 5 to 3000%. The integration time 
adjustment is independent. The set-point change is +1%. 
The ratio adjustment range is from 1:1 to 1: 10. 

Proportional-plus-integral-plus-derivative controller 
PR3.25 automatically maintains the set-point value of a 
controlled variable by an analog proportional-plus-integral- 
plus-derivative control action. The working range of input 
and output signals is from 1.9 x 10* to 9.8 x 104 Pa (0.2 to 
1 kgf/cem?). The set-point change is +1%. 

Derivative controller with anticipatory lead action PF2.1 
introduces into a control loop an action depending on the 
rate of deviation of a controlled variable from the set-point 
value. The input and output pressures are from 1.9 x 10? 
to 9.8 x 10* Pa (0.2 to 1 kgf/cm?). The adjustment range 
of the derivative action time is from 3s to 10 min. The basic 
error is +1%. The supply pressure is 13 x 10* Pa 
(1.4 kgf/cm?) + 10%. Air flow rate is 1.5 1/min. 

Derivative controller with anticipatory lag action PF3.1 
retards a controller response action caused by a change of 
the controlled variable. The lag is produced by the throttling 
of the output signal. The derivative action time is from 3s 
to 10 min. The range of the input and output signals is 
from 1.9 x 104 to 9.8 x 104 Pa (from 0.2 to 1 kgf/cm’). 
The basic error is +1%. The supply pressure is 13 x 10* Pa 
(1.4 kgf/em?) +10%. 
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Power amplifier PP1.5 amplifies the pneumatic signal. 
It is used to eliminate the transmission line effect on the 
inain control loop. The range of the input and output signals 
is from 1.9 x 104 to 9.8 x 10* Pa (V0.2 to 4 kgf/cm?) +10%. 
The supply pressure is 13 x 10* Pa (1.4 kgf/cm?) + 10%. 

Signal limiter PP11.1 is used as a maximum and minimum 
limiter of pneumatic signals in cascade control circuits. 
The range of the input and output signals is from 1.9 x 10* to 
9.8 x 10* Pa (0.2 to 1 kgf/cm?). The adjustment of the 
signal maximum is from 5 x 10* to 9.8 x 10* Pa (0.5 to 
1 kgf/cm*); the adjustment of the signal minimum is from 
7 x 104 to 1.9 x 10* Pa (0.7 to 0.2 kgf/em?). The supply 
pressure is 13 x 10* Pa (41.4 kgf/cm?) + 10%. 


Secondary Instruments 


Pneumatic recording secondary instrument PV4.23 is a 
balance-type instrument designed to continuously record 
on a strip chart and indicate a single variable value. The 
basic error is +1%. The range of the input signals is from 
1.9 x 104 to 9.8 x 10* Pa (0.2 to 1 kgf/cm?). The instru- 
ment has a removable chart drive; the speed of the strip 
movement is 20 mm/h. The amount of ink in the pen is for 
a week-time continuous recording. The chart is driven by 
a synchronous 127- or 220-V motor. The supply pressure is 
13 x 10* Pa (4.4 kgf/cm?) + 10%. 

Pneumatic recording secondary instrument PV4.33 is a 
balance-type instrument designed to continuously record 
on a strip chart and to indicate the value of two variables. 
The basic error is +1%. Other technical characteristics 
are the same as those of the PV4.23 instrument. 

Pneumatic recording secondary instrument PV4.2P is a 
balance-type instrument designed to continuously record 
on a strip chart and to indicate the value of a single variable. 
Can be used in explosion- and fire-hazardous locations. 
Other technical data are the same as those of the PV4.23 
instrument. 

Pneumatic recording secondary instrument PV4.31T is a 
balance-type instrument designed to continuously record on 
a strip chart and indicate the value of two variables. The 
basic error is +1%. Can be used in explosion- and fire- 
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hazardous locations. Other technical data are the same as 
those of the PV4.23 instrument. 

Pneumatic integrating secondary instrument of the ba- 
lance-type PIK.1 meters the amount of water flowing through 
a pipeline during a time period. It operates in conjunction 
with differential-pressure gauge transducers whose output 
signals vary in direct proportion to a pressure differential 
in the range from 1.9 x 104 to 9.8 x 104 Pa (0.2 to 1 kgf/cm?). 
The instrument error is from 30 to 100%, the flow rate 
error is +41%. The supply pressure is 13 x 10* Pa 
(1.4 kgf/cm*). Air flow rate is 12 l/min. 


Sampler for Pneumatic Transmitiers, Type SOD-16 


A large number of indicating and recording secondary 
instruments of which there are as many as the number of 
the controlled variables are mounted on the control boards 
of process installations in petroleum processing and petro- 
chemical plants. SOD-16 sampler delivers the pneumatic 
transmitters outputs to a single control instrument. 

The SOD-16 sampler has the following merits: 

(1) it needs a small amount of air as the air is consumed 
only when the transmitters are sampled through a single 
switched-on repeater; 

(2) it automatically sets the control instrument to zero 
and efficiently checks it for proper operation when any one 
of the controlled transducers is disconnected; 

(3) its application for sampling the pneumatic transmit- 
ters allows a reduction in the number of pneumatic indi- 
cating and recording secondary instruments on control 
boards. 

The SOD-16 sampler is composed of the USEPPA ele- 
ments, designed to receive 16 inputs and consists of 16 iden- 
tical sections of elements. Figure 55 shows a schematic of 
the sampler designed for two process variables. Pneumatic 
signals from the transmitters in the standard pressure range 
from 1.9 x 10* to 9.8 x 10* Pa (0.2 to 1 kgf/cm?) are intro- 
duced into single-port chambers of corresponding repeaters 
3 and 4. The supply pressure of 14 x 10* Pa (1.4 kgf/cm?) 
is fed to pneumonic toggle switches / and 2. If none of the 
toggle switches is energized, zero pressure remains both 
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at the outputs of all the toggle switches and at the repeaters 
outputs. The lower contact of pneumonic relay 10 is open, 
and the working cavity of the control instrument is connected 
with set-point setter 77 adjusted for the pressure of 1.9 x 
x 104 Pa (0.2 kgf/cm). The reading of the ontrol instru- 
ment corresponds to its zero point. 

If one of the pneumonic toggle switches, say J, is closed, 
the supply air with the pressure of 14 = 10* Pa (1.4 kgf/cm?) 


Fig. 55. Schematic diagram of the SOD-16 instrument 


1, 2—pneumonic toggle switches; 3, 4—repeaters; 5, 6—valves; 7, 8, 10—pneumon- 
ic relays; 9, 11—set-point devices; 172—control instrument 


passes through it, opens valve 5, is fed to repeater 3, and 
further to pneumonic relays 7, 8 connected into an OR 
circuit, and opens the upper contact of pneumonic relay 10 
(the lower contact closes). A pressure equal to the pressure 
of the transmitter connected to this repeater sets up at 
the output of repeater 3. Through open valve 5, the pres- 
sure is fed to an outlet manifold of the valves, and further, 
through the upper contact of pneumonic relay 1/0 into the 
working chamber of the control instrument. So, when the 
pneumonic toggle switch is closed, the control instrument 
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readings correspond to the readings of the instruments being 
controlled. 

The sequence of closure of the pneumonic toggle switches, 
and hence the connection of the controlled transmitters, 
does not depend on their serial numbers and are arbitrary. 


CHAPTER EIGHT 
CENTRALIZED CONTROL COMPUTERS 


The integrated automation of production and the related 
centralization of management and control call for a speed- 
up in the collection and reduction of a sizeable amount of 
data. When tackled by conventional facilities, these tasks 
lead to a congestion of control engineer rooms by large 
amounts of apparatus and instrumentation to a point where 
the incoming data cannot be handled without delay. 

As a way out, data loggers MTsKR are coming into 
ever wider use at factories to provide means for centralized 
process monitoring, digital recording of data, actuation of 
alarms in the case of off-normal conditions, and process 
control both in the form of on-line, real-time actions and 
hard copies over time intervals chosen at will. 

Some data loggers incorporate computing devices to as- 
sist with data reduction, or are teamed up with digital con- 
trol computers utilizing logged data for process control. 
A data logger may be arranged in a variety of functional 
configurations, depending on the manner in which its func- 
tional units are programmed: from a common control unit 
or from independent programs. 


8.1. Digital Computers 


Digital computers operating automatically to preset prog- 
rams handle problems that can be reduced to a sequence of 
arithmetic and logical operations. Digital computers may be 
classed into general-purpose machines supported by software 
adapted to any problem algorithms, and special-purpose 
machines which feature firmware dedicated to one or seve- 
ral certain algorithms. 
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At present, two basic types of digital computers are 
being used in management information systems: 

(1) data. processing-control computers which automati- 
cally gather and process production data and utilize the 
results: to control the processes (directly or through local 
automatic process control systems) in the various depart- 
ments; 

(2) data-processing computers which handle large amounts 
of data read into the machine manually or automatically to 
a predetermined program, and carry out large-scale business 
or engineering calculations necessary for immediate control 
and management of an entire factory or its departments. 

A theoretical basis for automatic computation. is provi- 
ded by the theory of algorithm. An algorithm is defined as 
a prescribed set of well-defined rules or processes for the 
solution of a problem ina finite number of arithmetic and 
logical steps. An algorithm should prevent a_ heuristic 
approach in any of the prescribed steps; it must be applic- 
able to a whole class of problems and be productive, that 
is, turn out the desired results after a certain number of 
machine time cycles. Numerical algorithms are used to 
solve problems on a digital computer, because the existing 
techniques of computational mathematics allow the most 
complicated problems of elementary and higher mathematics 
to be reduced to arithmetic operations. 

The manner in which numbers are coded into digital 
symbols depends on the number system used. Present-day 
digital computers use decimal and binary number systems, 
while intermediate results are coded in octa- and hexadeci- 
mal notation. 


8.2. Automatic Petroleum Processing Control 
System (Neff-1 System) 


The Neft-1 system offers a means for centralized monito- 
ring, interrelated control of basic process variables, and 
use of standard control actions. : 

In the petroleum processing field, it completely supp- 
lants existing board-mounted instruments and controllers 
and has a number of important advantages, such as small 
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size, redundancy in terms of functions and hardware, and 
also automatic records of process advance. 

The Neft-1 system contains a console with a built-in 
(console) typewriter and instrument racks which house ex- 
plosion- and fire-safe components of the USEPPA pneuma- 
tic system. It’s specifications are in brief as follows. 


Total number of monitored variables .. . 160-480 
Range of pneumatic and electric input 


signals: 

air pressure, Pa (at) .... 2... 2.0 1.9 x 104-9.8 « 104 
(0.2-1.0) 

supply voltage, mV dc. ......- 0-50 


8.3. Automatic Air-operated Centralized Monitoring 
and Control System (‘Pusk’ System) 


The ‘Pusk’ system sends to and receives from the operator 
all data necessary to run a production process. 

Among other things, the system generates data on com- 
pliance of process variables with their set-point values (or 
optimal values in the case of integrated automation), the 
amount of departure, and the state of regulator loops; it 
receives data about the set-point values and the allowed 
amount of departure, the desired operating conditions of the 
control section of the system, and the setting of the final 
control element in the case of remote control; it stabilizes 
the vital process variables in accordance with adopted forms 
of control action, and also accomplishes on-off control 
(control may be single- or multiloop, depending on the plant 
or process actually controlled). 

The basic specifications of the Pusk system are as fol- 
lows. 


Normalized transducer signals: 
pneumatic as compressed air pressure, 


Pa (Bt)) coasted a: ee eos eis, eS 9 - 104 to 9.8 x 104 
2 


1. 
(0. 


0) 
d.c. signals (supply resistance of not over 
i” ohms), 
enney’ cePegac er Mee te. Ayes etd Sey Secale ne 0-5 
mv Bete aL thie tein ot wth Fa Ne ict, 3S, 0-5, 0-10, 0-50 
Accuracy rating of electric-to-pneumatic 
transducers, % of range ...... 0.5-4 


Ran e of temperature compensation of 
old junctions, °C ........-. 15-50 
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Pressure of supply air (compressed, purified 


of oil, water and dust), Pa (at) ... 29.4 AP to 34.3 x 104 
e (3-3.5) 
Capacity of three-section compressed-air 
plant (3 x 20 points), m7/h ..... 50 


8.4. Electronic Instrumentation System 
(‘Potok-2' System) 


This is the most complete system of instruments with capa- 
bilities for control of a blending station with a practically 
unlimited number of ingredients. 

Apart from uses in petroleum processing, the ‘Potok-2’ 
system can be employed in the chemical and other indust- 
ries where the need exists to maintain the ratio of source 
products in a blend to a high degree of precision. 


Fig. 56. Schematic diagram of the ‘Potok-2’ blending station (ex- 
plained in the text) 


Basically, the system operates by stabilizing the flow 
rates of ingredients, thereby maintaining the desired ratio 
in the blend. The ingredients are taken in by pumps 7 
(Fig. 56) and each is circulated through a control system of 
its own. Blending takes place in pipeline 2. 
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Control unit 3 of the system generates signals correspond- 
ing to the established throughput of the blending station. 
Ratio units 4 divide these signals in a predetermined pro- 
portion and feed them to ingredient control units 5. The 
ingredient control units compare the drive signals with 
the actual flow-rate signals from volumetric flow meters 6 
via transducers 7 and flow-rate meter units 8, and the diffe- 
rence signals are utilized to adjust the settings of the final 
control elements (electric-pneumatic transducer 9, solenoid- 
operated valve 10, and control valve 77). 

The additive is fed in by pulsed batcher 72 controlled by 
batcher-control unit 72. 

Sampler 74 and the associated control unit, 75, draws an 
averaged sample of the finished product in the course of 
blending. 

The signals proportional to the quantity of the finished 
product are compared with signals proportional to the total 
flow of ingredients over a preset time interval by the 100-% 
and sum monitor unit, 76, in the course of blending. Once 
the difference exceeds a preset value, the unit generates an 
alarm signal. 

System components. The U11-1 control unit controls the 
process of blending. It generates the signal setting the capa- 
city of the blending station, brings the system up to normal 
operating conditions, shuts down the station as soon as the 
work schedule is complete, and also stops it under off-normal 
conditions. The unit is mounted on a panel in the operator’s 
room. It comes complete with a U13-1 power supply. 

The U21 ingredient control unit continually and automa- 
tically controls the flow rate of ingredients, displays the 
error (difference between the actual and set-point values 
of flow rates), indicates the output level, and actuates 
alarms. The unit comes in two modifications, one labelled 
U21-1 using vacuum tubes, and the other labelled U21-2 
and using semiconductor devices. 

The U22-1 flow-rate meter unit measures and displays the 
total and momentary flow rates of an ingredient, and genera- 
tes a standard signal fed to the ingredient control unit. It 
can be used asa stand-alone secondary (receiver) instrument. 

The U23 ratio unit sets the percentage content of ingre- 
dients. The setting range extends from 0.4 to 99.9%, and 
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from 0.01 to 9.99%, in steps of 0.1 and 0.01%, respectively. 
The unit comes in two modifications, the U23-1 with manual 
percentage setting, and the U23*2 with manual and remote 
percentage setting. 

The U81-1 batcher control unit controls the DZhI-1 addi- 
tive control unit. The flow rate of additive is set as the per- 
centage of the product flow rate. The setting range is (0.1 to 
99.9%) x 0.001. The unit indicates the discrepancy between 
the actual and set-point flow rates. It can operate as a stand- 
alone instrument driven by a built-in generator. 

The U41-1 sampler control unit generates commands to 
start and stop the electric motor that drives the sampler 
pump and control valve to a preset sampling program. 
It can also operate as a self-contained instrument. 

The U61 100-% and sum monitor unit monitors operation 
of the U23 ratio unit and the departure of the total ingredient 
sum from the specified throughput of the station. The unit 
can operate in any one of the three modes, as follows: ‘Self- 
check’ to check the unit proper for soundness, the ‘100%’ 
mode to check operation of- the U23 unit, and the ‘Sum’ 
mode to check the departure of the total ingredient flow rate 
from the station throughput. The output signals of the 
units, ‘Not 100%’ and ‘Not sum’, are utilized to block ope- 
ration of the blending station. 

Monitoring facilities of the system. The U8I-1 unit checks 
the soundness of the following units: the U11-1 control unit 
in conjunction with the U13-1 power unit, the U41-1 sampler 
control unit, and the U-21 ingredient control unit. The 
unit supplies the necessary test signals, actuates the alarms 
and indicators used in preventive and corrective mainte- 
nance. 

The U83-1 cell monitor unit monitors the cells of the 
U11-1, U23, U22-1, U31-1, U61-1 and U84-1 for serviceab- 
ility, and supplies the necessary test signals for preventive 
and corrective maintenance of the cells. 

The U84-1 module monitor unit checks the static and dyna- 
inic parameters of the EPL-8, EPL-9, EPL-3, EPL-4, EPV-1, 
EPV-2 and EPU-1 modules, and tests for serviceability of 
the EPL-2, EPL-5, EPL-6 modules which are the basic 
blocks of the Potok-2 control system. 
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The system’s peripherals. The DZhI-1 automatic weigher 
injects liquid additives into the process streams of the petro- 
leum-product blending station. It may be used to introduce 
corrosive and toxic additives. 

The sampler draws samples, continuously or periodically, 
of light petroleum products from the process lines of the 
blending station. 

The PK-1 converter converts the angular velocity of the 
volumetric flow meter shaft into a proportional pulse 
repetition frequency. 

The flow-rate transducers may be volumetric or turbine- 
type velocity flow meters. 

The system elements can be mounted on standard con- 
trol boards. The range and number of units are specified by 
the user on the basis of the specific design. 

The system comes complete with a flow-rate transducer, 
actuators, and test equipment. 


8.5. Automatic Management Information and Control Systems. 
Basic Definitions 


Before we can define various management information sys- 
tems, it will be a good plan to give some general defini- 
tions. 

The algorithm of a system is a prescribed set of operations 
leading to a desired objective in a plant, installation or 
system of installations. 

A controlled plant is an installation (or a set of instal- 
lations) accomplishing a production process, which needs 
a suitable purposeful drive from without so as to accomplish 
its algorithm. 

A control algorithm is a prescribed set of steps defining 
the nature of action on the controlled plant from without 
so as to implement its functioning algorithm. 

Several forms of management information and control 
systems have been developed to date. Those used in petro- 
leum-processing and the petrochemical industry are as fol- 
lows. 

‘An automatic process control system (ASUTP). All types 
of the system have hardware and software support. 


CH. 8. CENTRALIZED CONTROL COMPUTERS 204 


The hardware of a system includes all instruments, trans- 
ducers, computers, controllers, communication facilities, 
actuators, etc. ° 

The software of a system includes the system algorithm 
embedded in system memory elements, including work pro- 
grams on machine media, a wired set of functional units 
and modules, controller settings, etc. 

The system algorithm should include one or several fun- 
ctional tasks tackled by the system in the course of opera- 
tion. 

The plans and specifications of the system should include 
working drawings to show the layout of the system elements, 
the installation, technical facilities supplied with the sys- 
tem, circuit diagrams showing connections between the 
technical facilities of the system, a general view of non- 
standard structures (boards, panels, etc.), wiring and term- 
ination diagrams of the boards and panels, external con- 
nection diagrams, cable and pipeline diagrams, working 
drawings of electric power and lighting services, etc. 

An automatic factory management information system 
(ASUP) incorporates state-of-the-art data processing fac- 
ilities (computers, storage, recording facilities, displays, 
etc.), and business software to handle basic factory 
management tasks. 

An automatic industry management information system 
(OASU) is a collection of mathematical methods adapted to 
management and business, computing and communication 
facilities enabling ministries and other governmental bodies 
to manage their industries on an optimal basis. 

An automatic industry management system collects, 
reduces and analyzes data, takes appropriate decisions with 
the participation of the executives, makes the decisions 
known to the subordinate factories and organizations. The 
primary objective of an automatic industry management 
information system is to optimize management with a view 
to best utilization of material and labour resources and to 
improve both technical and economic performance of the 
industry. 
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CHAPTER NINE 


ACTUATORS 


9.1. Diaphragm-type Control Valves 


Technical characteristics. Diaphragm control valves, such 
as the Soviet-made UKS, UKN, PKS, and PKN, are pneu- 
matic final control elements intended for use in automatic 
process contro] systems. They can control a variety of process 
variables, such as temperature and pressure, by varying 
the flow rate of the product passing through the constriction 
of the valve. 

The valves control the flow rate of the medium passing 
through the constriction in response to control signals ap- 
plied to the input. 

Types UKS, UKN, PKS and PKN are manufactured 
in several standard sizes differing in nominal pressure P,, 
nominal inside diameter D,, capacity factor K%, upper 
temperature limit, and form of operation (NO for normally 
open, and NC for normally closed). 

The basic technical data of the valves are summarized 
below. 


Working medium: 


types UKS and PKS ....... nonaggressive towards 
carbon stee 
types UKN and PKN...... nonaggressive towards 
Kh18-N9 steel 
P,, Pa (kgffem?) .... 2.2.6. 627 x 104 to 1560 x 104 
(64-160) 


‘Limit of pressure differential, Pa 
(kgf/cm?), for valves with: 


P, = 627 x 104 (64) ...... 392 x 104 (40) 
P, = 1560 x 104 (160) ..... 784 x 104 (80) 
Dig TOM 2 oe fo ie Bs ss ae eB , 45, 25 
Ky», t/h for valves with: 

Pl | ORE ae Ae Oe TR a 0.4, 0.46, 0.25 
Dy =15 . 6 1 we ee we ee 0.4, 0.64, 1.0 
iy eee ae ea ae eee aaa 1.6, 2.5 


* Capacity factor is numerically equal to the flow rate of a liquid 
of 1 g/cm® density passed by a valve at a pressure differential of 
9.8 X 104 Pa (1 kgf/cm’). 
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Upper limit of temperature, °C, for 


valves: 
without finned jacket ....* . 200 
with finned jacket ....... 350 
Form of operation ......... normally open (NO) and 


normally closed (NC) 
Ambient temperature, °C, at relative 
humidity of 30 to 80% ...... —30 to +50 


The valve stem moves from the fully in to the fully out 
position as the pressure of command air changes from 1.9 x 
x 104 to 9.8 x 104 Pa (from 0.2 to 41 kgf/cm?). The valve 
characteristic (the dependence of command air pressure on 
stem stroke) is linear. The valves can operate when instal- 
led outdoors or indoors, and in any position. 

The valves are connected to pipelines and air lines by 
couplers. The mounting dimensions are listed in Table 45. 
Their design and overall dimensions are given in Fig. 57. 


Table 45 
Mounting Dimensions of Diaphragm Control Valves, mm 


D,=6 mm 


Valve type 


t[ u | « 


PKS, PKN 70 | 45 |K 1/4] 80) 48 |K4/2")100) 53 | K1” 
UKS, UKN —| 45 |K1/4"] —| 50 |K4/27} —| 53 | K1" 


A diaphragm control valve consists essentially of two 
assemblies, a restrictor, 7 (see Fig. 57), and a MIM diaph- 
ragm spring-actuated air actuator, 2. 

The restrictor controls the flow rate of the working fluid 
according to the stroke of the plunger. The restrictor is of the 
single-seat angle type (for UKS and UKN valves) and of 
a straight-through type (for PKS and PKN valves). 

The parts of the restrictor are made from carbon steels 
(for UKS and PKS valves) or Kh18N9 steel (for UKN 
and PKN valves), depending on the corrosiveness of the 
working fluid. 
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The cover of the restrictor may have no finned jacket 
(for operation at temperatures up to 200°C) or a finned 
jacket (for operation at up to 350°C). 
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Fig. 57. Diaphragm-type angle control valves, models UKS and 
UKN (a), and through valves, models PKS and PKN (b) 


1—restrictor; 2—diaphragm-type actuator 


The packing rings in the glands of valves operating at up 
to 200°C are made from PTFE and valves for up to 350°C 
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use AMB stuffing material. In the latter case, there is a Jubr- 
icator to feed grease into the gland. 

The diaphragm actuator drives the stem of the restrictor 
in response to an input signal. 

Type UKS, UKN, PKS and PKN valves use straight- 
stroke, diaphragm, spring-operated, direct- and _ rever- 
se-acting air actuators with or without a_ positioner 
(MIM-11-200/10-PPKh, MIM-41-200/10-OPKh, MIM-11-200/ 
410-PPKh-10, MIM-11-200/10-OPKh-10). 

The positioner operating in conjunction with a diaphragm 
actuator speeds up action, improves accuracy of stem setting, 
and builds up the force applied by the actuator. In valves 
for P, = 620 x 10* Pa (64 kgf/cm?) the actuator has no 
positioner, while the valves for P, = 1560 x 10* Pa 
(460 kgf/cm?) have actuators with a positioner. 

Each type of control valve has a type designation of its 
own stating: (a) valve type (construction, material of restric- 
tor); (b) nominal pressure; (c) nominal inside diameter; 
(d) capacity; (e) provision of a finned jacket for media 
with a temperature from 200 to 350°C (labelled ‘P’); (f) form 
of action (NO for normally open, and NC for normally 
closed). 

For example, the type designation UKS-64-15-1-NZ 
reads as follows: diaphragm control valve from carbon 
steel for a nominal pressure of 620 x 10* Pa (64 kgf/cm’), 
with a nominal inside diameter of 15 mm, a capacity of 
4 t/h, a maximum temperature of 200°C, normally closed. 
The code designation ‘PKN-160-25-1.6-R-NO’ reads as fol- 
lows: a straight-stroke diaphragm control valve from Kh18N9 
steel, for a nominal pressure of 1560 x 10* Pa (160 kgf/cm?), 
with a nominal inside diameter of 25 mm, a capacity of 
1.6 t/h, a maximum temperature of 350°C, normally open. 

When choosing a control valve, it is essential to take 
into account its capacity factor. The factor of each valve 
is quoted in the data sheet. 

Installation and adjustment. The valve should be installed 
so that the length of the straight section of the pipeline 
upstream and downstream of the valve may be at least 
ten times the nominal inside diameter of the valve. 

The stream should be directed to act on the valve from 
below. With a large pressure drop across the valve, the 
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stream may be allowed to act on the valve from above. The 
valve should preferably be installed in an upright position. 
The joints between the valve and pipelines must be tight. 

The place of installation should provide easy access to 
the valve for adjustment and disassembly. 

After a valve has been installed, check its adjustment. 
The valve stem should start moving when the inlet air pres- 
sure is 1.9 x 10* Pa (0.2 kgf/cm?). The valve stem should 
make a complete stroke as the inlet air pressure changes 
from 1.9 x 104 to 9.8 x 10* Pa (from 0.2 to 1 kgf/cm?). 
If necessary, the stroke in valves for P, = 620 x 10* Pa 
(64 kgf/cm?) should be adjusted by varying the tension 
of the spring in the actuator, and in valves for P, = 1560 x 
x 10* Pa (160 kgf/cm?) by adjusting the positioner, and 
also by varying the tension of the spring in the actuator 
(this applies to normally closed valves). 

The troubles likely to develop in the control valves and 
their remedies are listed in Table 46. 


9.2. Minute Flow Rate Actuators 


A minute flow rate actuator (RUM) operates by varying its 
capacity in response to a pneumatic signal applied to its 
input from a controller or any other device. 

A minute flow rate actuator consists essentially of a 
single-seat angle-type control element, a pneumatic diaph- 
ragm actuator (type IMR-160/0-3) with an adjustable stem 
stroke, and a PR-4 positioner. 

The construction of a minute flow rate actuator for 
high fluid pressures (nominal pressures of 3136 x 10* and 
7840 x 10* Pa (320 and 800 kgf/:m?) is shown in Fig. 58. 
The control element consists of body 1, stuffing box 4 
with stuffing material, a seat and plunger 2. Several modifica- 
tions of the control element can be obtained through the use 
of interchangeable seats and plungers, differing in specific 
capacity. 

The seat is held in the body by a clamp sleeve. The con- 
trol element is sealed by drawing up the gland and alumi- 
nium packing ring by gland nut 3. The cylindrical surface 
of the seat serves as a guide for plunger 2. The joints between 
the valve body and the pipelines are sealed by lens packing. 
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The IMR-160/0-3 diaphragm pneumatic actuator with 
an adjustable stem stroke consists of a diaphragm head, 
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Fig. 58. Minute flow rate actuators, Types RUM-320 and RUM-800 


1—body; 2—plunger; 3—nut; 4—stuffing box; 5, 9—stems; 6—spring; 7 —posi- 
tioner; 8—link; 10—drive case; 11—diaphragm; 12—stroke adjusting mechanism 


a stroke-adjusting mechanism, and a PR-4 miniature posi- 
tioner. 

The effective surface area of actuator diaphragm // 
is 100 cm?. The stroke of output stem 5 can be continuously 
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adjusted from 0 to 3 mm, while keeping the strake of dia- 
phragm-head stem 9 equal always to 25 mm. The stem 
stroke is adjusted with stroke *adjusting mechanism 12. 

Backlash in stroke adjusting mechanism 72 is taken up by 
spring 6. Link 8 mounts a dial (omitted in Fig. 58) to indi- 
cate the maximum stroke of the plunger to which the actua- 
tor is set and also the mode of operation of the actuator. 
The actuator can be arranged to be either normally closed 
or normally open. The mode of operation can be switched 
by repositioning the link. 

The stroke adjusting mechanism is arranged so that the 
geometric centre of the circles described by the groove of 
link 8 is not aligned with that of the shaft. This eccentricity 
is not constant and can vary as the link is moved along the 
holder by an adjusting bolt. The amount of eccentricity 
affects the maximum stroke of the plunger while the stroke 
of diaphragm-head stem 9 is held constant. 

The PR-4 positioner operates by balancing the force due 
to the command air pressure in the sensor, with the compres- 
sive force of the feedback spring. The positioner consists 
essentially of a sensor, an amplifier, and a feedback device. 

The sensor is a combination of two rubber diaphragms, 
4 and 5 (Fig. 59), supported by rigidly interconnected knobs 
8 and 6; the lower knob, 6, being larger than the upper knob, 
8. Accordingly, the effective area of the lower diaphragm, 5, 
is greater than that of the upper diaphragm, 4. The air- 
tight chamber formed between the two diaphragms accepts 
the input pneumatic signal from the ‘Instrument’ line. 

Sensor pusher 2 actuates ball / in the amplifier of the 
positioner. The amplifier is a pneumatic spool-valve chamber 
with ball 7 and three ports. The upper port admits supply 
air to the chamber, the lower port keeps the chamber in com- 
munication with the atmosphere, and the third port located 
between the first two opens the chamber into the operating 
space of the actuator. As ball 7 moves from top to bottom, 
the pressure in the chamber varies from zero to the supply 
pressure. 

The feedback device consists essentially of feedback 
spring 8 with nuts 7 and 9, stem 10 and roller assembly 11. 
Nut 7 is made fast to the spring, while nut 9 is free to move 
over the turns of the spring. 
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Fig. 59. Positioner PR-4 


1—ball; 2—pusher;, 3, 6—knobs; 4, 5—diaphragms; 7, 9—nuts; 8—spring; 16 — 
stem; 11—roller assembly; 12—ball spring 
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The positioner is adjusted for stroke length by changing 
the number of effective turns in feedback spring 8 as nut 9 
is moved over its turns. The stroke length of positioner stem 
10 can be adjusted between 3 and 6 mm. In a minute flow 
rate actuator, the positioner is adjusted for a stroke of 
5 mm. The inlet air pressure is a linear function of stem 
stroke. The sensitivity threshold of the positioner is 0.16% 
of the maximum input pneumatic signal. 

The positioner has three openings with a K1/4” taper 
thread to admit air from the controller and supply line, 
and also to feed air into the working space of the diaphragm 
head in the actuator. 

The minute flow rate actuator operates as follows. At 
equilibrium, the force exerted by the sensor of the positioner 
is balanced by the tension of feedback spring 8 (see Fig. 59). 
As the inlet air pressure rises, the force developed by the 
sensor of the positioner also rises, and the diaphragm as- 
sembly deflects downwards. At the same time, amplifier 
ball Z is moved downward by spring 12, thereby building 
up pressure in the amplifier chamber and, as a consequence, 
pressure in the working space of the diaphragm head above 
diaphragm 17 (see Fig. 58). In moving, stem 9 rotates the 
lever and the fork attached to it. In turn, the lever rotates 
the shaft and also the holder and link 8 made fast to the 
shaft. As this happens, the insert slides in the grooves of 
the link, and actuator stem 5 mounted on the pivot is moved 
vertically due to the eccentricity between the centre of the 
circle described by the groove of link 8 and the shaft. As 
plunger 2 made fast to stem 5 is moved, the passage between 
the plunger and seat (a cone in a cone) is varied, and so is 
the flow rate of the medium through the valve of the ac- 
tuator. 

The maximum value of the capacity factor of the actuator 
can be adjusted by changing the plunger stroke with the 
stroke adjusting mechanism. 

A particular range of capacity factor adjustment is ob- 
tained through the use of an interchangeable plunger-and- 
seat restrictor. To minimize wear, the restrictor elements 
fabricated from suitably matched materials, namely the 
plunger from 36NKhTYu alloy, and the seat from Khi8N10T 
steel. 

14* 
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The basic specifications of the RUM-800 and RUM-320 
actuators are summarized in the table below. 


Particulars RUM-800 RUM-320 


Controlled medium- 

liquids, gases non- 

corrosive to steel 30KhMA Kh1i8N10T 
Nominal pressure, Pa 

(kgf/cm?) - . 7840 x 10* (800) 3136 x 104 (320) 
Nominal inside diame. 

ter, mm ..... 10 


Capacity factor, m3/h 0.1-0.04 0.04-0.01 
0.01-0.04 
Temperature of the me- 
dium, °C: 
controlled ... —50 to 225 
ambient at a hum- 
idity of 98% —30 to +50 
see rate-stroke relat- 
gee eee a. ohh linear 
Uneontvolled leakage none 
Change in command air 
pressure necessary to 
produce complete 
stroke, Pa (kgf/cm?) ae na to 9.8 x 104 
(0.2-1) 
Attachment of valve to 
pipeline ..... by flange 
Mounting dimensions 
of flange to GOST 9399-63 1260-54 
Packing surfaces and 
attachment dimens- 
ions to GOST .. 9400-63 6971-54 


The RUM-64 minute flow rate actuator for a nominal 
pressure of 620 x 10* Pa (64 kgf/cm’) differs from that 
described above in only the control element. The control 
element has welded body / (Fig. 60). Gland 2 serves two- 
fold purpose as a seal and tightener gasket 3. The plunger, 
seat and the entire actuator are similar in design to those 
described above. 

RUM-64 actuators are intended to control the flow of 
various media: the RUM-S-64, noncorrosive towards Grade 35 
steel, the RUM-N-64, noncorrosive towards Khi8N9T steel, 
and the RUM-M-64, noncorrosive towards Kh17N13M2T 
steel. 
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Type designations of some RUM-S-64 minute flow rate 
actuators are as follows: RUM-S-64-0.1/0.04-NZ; RUM-S-64- 
0.04/0.01-NZ; RUM-S-64-0.01/0.004-NZ; RUM-S-64-0.1/0.04- 
NO; RUM-S-64-0.04/0.01-NZ. 


Gs 
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Fig. 60. Minute flow rate actuator RUM-64 
1—body; 2—gland; 8—gasket 


9.3. Diaphragm Control Valves 


These valves use diaphragm 7 (Fig. 61) from an elastic mate- 
rial, which, moves to cover the passage or changes the area 
of the passage. Diaphragm valves are widely used to control 
the flow of acids and alkalis. 
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The characteristics of diaphragm control valves are sum- 
marized in Tables 47 and 48 


Table 47 


Characteristics of Diaphragm Control Valves 
(GOST 9701-67) 


Nominal inside dia, mm 
Particulars So yt epee be ie PR cs oe oe Lee ea Ne os 
15 | 20 | 26 | 22 | 40 | 50 | 100 | 12s | 150 | 200 


1 


Nominal _pres- 
sure, Pa 
(kgf/cm2): 
24.5 104 (2.5) | + 
39 x 104 (4) + 
58 x 104 (6) + 
+ 
3 
4 


+4+++ 
++4++ 
[+++ 
| b-++ 


98 x 104 (10) 

Capacity, mi- 
nimum, m3/h 

Diaphragm 
stroke, mm 


oon +tt++ 
oe wo +t++ 


Table 48 
Modifications of Diaphragm Control Valves 
Max. 
difi- e 
“cation Body coat material Diaphragm material ee 
oO. °C 
4 Polyethylene 2035-T Polyethylene 2020-T 60 
2 Rubber 1a gr., Specs. Rubber 1a gr., Specs. 
TU 233-54r MKhP TU 233-54¢ MKhP 65 
3 Fluoroplastic-42P, PTFE grade B 410 
Specs. VTU 208-62 
4 Acid-proof enamel Same 
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7o final control element 


Fig. 64. Diaphragm control valve 
1—diaphragm;,; 2—diaphragm-type drive; 3—positioner 


9.4. Type TA and TB Control Gate Valves 


These are general-purpose industrial gate control valves 
intended to control the flows of liquids and gases. They are 
fabricated from cast iron, carbon and stainless steels and 
used for automatic and remote process control in the chem- 
ical, petro-chemical, petrgleum-processing and other indus- 
tries. 

The normalized range of control gate valves includes 
960 standard sizes and comprises type TA control gates for 
a product temperature of up to 225°C (without finned jackets) 
and type TB gate control valves for a product temperature 
of up to 450°C (with finned jackets). The normalized range 
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of control gate valves includes 10 sizes with nominal inside 
diameters from 100 to 1000 mm which correspond to the 
capacity factor from 200 to 20,000 t/h. These two types 
of control gate valves are available in eight assembly modif- 
ications differing in the provision and type of an actuator, 
and the provision of a manual duplicating control. 

Type TA control gate valves are fabricated from four 
groups of materials: grade SCh18-36 cast iron and steel 
grades 25L, Khi8N9TL, Kh17N13M3TL coded respectively 
as Ch, S, N and M; type TB control gate valves are fabricated 
from three groups of materials: steel grades 25L, Kh18N9TI., 
and Khi7N13M3TL. The valves operate under a nominal 
pressure of from 245 x 10* to 58 x 10* Pa (from 25 to 
6 kgf/cm?) and a pressure differential of 156 x 104 to 0.3 x 
x 10* Pa (16 to 0.03 kgf/cm?) depending on the nominal 
inside diameter, gate valve type, and drive type. 

A control gate valve controls the flow of a liquid or gas 
by varying the cross-sectional area of the passage, local 
resistance coefficient and, as a result, capacity factor as 
the gate is turned through an angle a. 

The disc gate is turned through an angle @-in proportion 
to the magnitude of the input signal applied in the form 
of compressed air in the range from 1.9 to 9.8 x 10* Pa 
(0.2-1.0 kgf/em?). The input pneumatic signal is applied to 
the input connector of the actuator positioner. 

Type TA and TB control gate valves (Figs. 62 and 63) 
are of unitized construction and consist each essentially of 
three assemblies, namely, a control element (type RA for 
TA valves, and type RB for TB valves), a type MIM diaph- 
ragm-spring pneumatic actuator or a type PM piston actua- 
tor, and a manual duplicating control. 

The key assembly of a control gate valve is the type RA 
or RB control element. It consists of annular body 7 (Fig. 62) 
enclosing disc 2 which is mounted on shaft 3 and held in 
place by taper studs 4. The shaft is carried in four supports 
two of which, closest to the disc, are journal bearings 5, 
while the two outer supports are paired radial ball bearings 6. 
The inner bearings are installed directly in bores of body 7, 
and the outer bearings in brackets 7 attached to body J 
(for type RA control elements). Stuffing boxes 3 in type RB 
valves (Fig. 63) are installed in bores in body J (see Fig. 62). 
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Stuffing box 8 allows the journal bearings to be blown with 
compressed air or the gland rings and bearings to be lubr- 
icated (with a lubricator). In type RB valves, the brackets 
mounting the outer bearings are attached to extension fra- 
mes J (see Fig. 63). Stuffing boxes 3 are installed in bores 
of finned jackets 2 which are provided to cool the stuffing 
boxes. 

The ball bearings are lubricated via oilers in the brackets. 

The MIM direct-action pneumatic diaphragm-spring 
actuator with a positioner is a standard product and can be 
used under easy service conditions. The PM pneumatic 
actuator with a positioner and a reversible converter is 
intended for heavy service conditions. 

The stem of the actuator is coupled to the valve shaft 
by a crank mechanism. The type DR manual duplicating 
control is a worm reduction gear box with a swing-out worm 
and is used for manual operation of the gate valve, should 
a failure occur in the supply of compressed air. 

The control gate valves are designed for operation both 
indoors and outdoors. Their brief specifications are presented 
below, and other technical details, in Table 49. 


Table 49 


Basic Specifications of Control Gate Valves 


Maximpr: pressure arop for TA 
valve with MIM actuator, 


No- Capacity 


i Pa (ki cm) 
ingide Nomar tactor (tor (kef/ 

in ve ee) mat inh cloned with open disc 
100 245 x 104 (25) 200 156 x 104 (16) 30 x 104 (3.2) 
150 | 245 x 104 (25) 500 98 x 104 (10) | 19.8 x 104 (2) 
200 98 x 104 (10) 800 60 x 104 (6.3) | 12.1 x 104 (1.2) 
300 98 x 104 (10) 2000 60 x 104 (6.3) | 12.1x 104 (1.2) 
400 | 98x 104 (10) 3200 39 x 104 (4) 8 x 104(0.8) 
500 98 x 104 (10) 5000 39 x 104 (4) 8 x 104 (0.8) 
600 58 x 104 (6) 8000 39 x 104 (4) 8 x 104(0.8) 
700 58 x 104 (6) 10,000 39 x 104 (4) 8 x 104 (0.8) 


800 | 58x 104(6) | 12,500 24x 104(2.5)} 5x 104(0.5) 
1000 | 58x 404(6) | 20,000 15x 10#(1.6)| 3x 104(0.3) 
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Range of air pressure (input signal) 
over complete working stroke, Pa 
(kgflem?) 2. 2... ee ee, from 1.9 x 10 to 9.8 x 104 
(from 0.2 to 4) 
Maximum safe air pressure in working 
chamber of valve actuator, Pa 


2\- 
a mM : to Bocas Dicinh asin tins 24.5 x 104 (2.5) 
38 x 104 (4) 


Ambient temperature at relative hum- 
idity of 98%, °C ........ —30 to +50 
Attachment dimensions of valve flang- 
es to GOST 1254-54... 2... . for P,;, = 58x 104, 98x 104 
and 245x104 Pa (6, 10 
and 25 kgf/cm?) 


CHAPTER TEN 


PROTECTION OF INSTRUMENTS 
AGAINST EXPLOSION HAZARDS 


10.1. Field of Application 


‘Rules for manufacture of explosion-proof and mining elect- 
rical equipment, OAA 684.053-67’ in force in the Soviet 
Union, and also data given below cover the newly developed 
electrical equipment designed for operation in explosion- 
hazardous locations and outdoor installations as far as petro- 
leum-processing and petro-chemical industries are concerned 
in which explosive mixtures of gases, vapours or dust with 
air are likely to form. 

The Rules do not extend to process installations (such as 
electrical dehydrators, crude oil desalting plants, specialized 
heaters in which explosive substances are heated above their 
autogenous ignition temperature or a heated explosive 
substance is under excessive pressure and the like) the safe 
operation of which depends on the process conditions, not 
only on the inherent design of the electrical equipment. 

The rules have been elaborated with due regard to stron- 
gly recommended preventive maintenance and upkeep of 
the electrical equipment, and they condition that the follow- 
ing regulations in force in the Soviet Union be observed by 
the maintenance personnel: Rules for electrical equipment in- 
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stallation, Maintenance rules, Safety regulations and instru- 
ment instructions. 


10.2. Electrical Equipment Classification 


The term ‘electrical equipment’ embraces the equipment 
designed to produce, transform, distribute and consume 
electric power, and also control, protection, monitoring, mea- 
surement, alarm, communications and other such electrical 
instrumentation. 

Instruments and automatic control means considered 
below pertain to the group of explosion-proof electrical equip- 
ment designed for operation in explosion-hazardour loca- 
tions and outdoor installations. 

As regards the conditions of operation, electrical equip- 
ment falls into the following three groups: stationary, field 
and manual. 

Safeguards against explosion hazards. The safeguards 
include special design means and precautions which ensure 
protection of the surrounding explosive gas-, vapour-, dust- 
air mixture from explosion hazards due to electrical sparks, 
arcs, flame and heated parts of the electrical equip- 
ment. 

In accordance with the level of protection against explo- 
sion hazards, the electrical equipment is divided into the 
following groups. 

1. Common-type industrial equipment having no safe- 
guards against explosion hazards. 

2. Explosion-proof electrical equipment of increased de- 
pendability, in which means and precautions are provided 
impeding the appearance of dangerous sparks, electric arcs 
and heating, and also ensuring safe operation of the electrical 
equipment only under its normal operating conditions. 

3. Explosion-hazardous electrical equipment in which 
means are provided to protect it against explosion of the 
surrounding explosive gas-, vapour-, dust-air mixture due 
to sparks, electric arcs or heated surfaces both under normal 
conditions of the equipment performance and in case of 
possible faults. 
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4. Explosion-safe electrical equipment with any number 
of faults, in which safeguards are provided against the action 
of sparks and electric arcs both under normal operating con- 
ditions and with any number of faults of any components, 
except for protective elements made in accordance with 
chapter 6.2 of the Rules. 

Marking. Electrical equipment must be marked to indi- 
cate the level of explosion protection and the medium for 
which it is intended (see Table 51). 

Depending on the level of explosion protection and explo- 
sion hazard of the medium for which the given equipment 
is explosion-proof, the following labels are specified for 
various design versions (given in circles). 

The label begins with a mark indicating the level of equ- 
ipment explosion protection: letter N means that the equip- 
ment is extra protected against explosion; letter V means 
that the equipment is explosion-safe, letter O indicates 
that it is explosion-safe with any faults. Then are given 
the highest categories and group of an explosion-safe mixture 
for eit the given equipment is considered explosion- 
proof. 

Depending on the safeguards used, the following notation 
is specified (given in triangles): letter V means an explosion- 
proof enclosure, K means quartz filling, J means spark-safe, 
N means extra protection against explosion, P means purg- 
ing under excessive pressure, M means oil filling, S — spe- 
cial protection. 

The above listed levels of explosion protection can be 
ensured through the use of various structural methods and 
means. 

Marking is made either in the form of embossed characters 
cast integral with the case or cover, or cast (stamped) charac- 
ters secured to the case or cover (welded or rivetted thereto). 
For weak-current small-size electrical equipment (the inner 
volume of not over 0.5 1), marking is allowed to be made 
on a separate plate by the photochemical method of deep 
etching. 

When mounting and installing the electrical equipment, 
experts in automation must check by the documents and 
instrument and analyzer certificates whether their makes 
are in conformity with the performance conditions. 
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10.3. Classification of Explosive Mixtures. 
Equipment Marking 


Mixtures of air with combustible gases and vapours of a com- 
bustible liquid with a flash point of 45°C and lower, and 
mixtures of air with combustible fibre dust with the lower 
level of explosion hazard not higher than 65 g/m’ pertain to 
explosive mixtures. Mixtures of combustible liquid vapours 
having flash points above 45°C belong to fire hazardous. 

1. Depending on the ability to transfer explosion through 
clearances in the enclosure, explosive mixtures fall into four 
categories: 


Category of explosive Clearance between flat surfaces 25 mm long, 


mizture with which the frequency of explosion propaga- 
tion comprises 50% with the enclosure volume 
of 2.5 l, mm 
foe be SOP more than 1.0 
De 6k SY Me A over 0.65 up to 1 
Oy tele dee on es over 0.35 up to 0.65 
Be tot salts dy 1-5 a te less than 0.35 


2. Depending on the autogenous ignition temperature, 
explosive mixtures are divided into the five groups: 


Group of explosive Autogenous ignition temperature, °C 
mixture 


T1 over 450 

T2 over 300 up to 450 
T3 over 200 up to 300 
T4 over 135 up to 200 
T5 over 100 up to 135 


Substances forming with air an explosive mixture of the 
first or second category are listed in Table 50. Examples of 
marking the electrical equipment are piesented in Table 51. 

The front panel of the electrical equipment case of a com- 
mon-type industrial make having spark-safe input and 
output circuits must bear tags with the inscriptions ‘Input’ 
and ‘Output’ and indicating a kind of explosion protection, 
and the category and group of the explosive mixture. Here 
is anexample of marking a transducer of the IS-555 electrical 
equipment: 


VZT In the IS-555 equipment set 
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Markings on the common-type industrial electrical equip- 
ment having spark-safe input and output circuits are as 
follows: . 


Input ats 


I 
TS Output === 


3T5 


The enclosures of the separately installed electrical equip- 
ment of the common-type industrial make forming part of the 
set of a spark-safe system but without spark-safe circuits 
must bear the inscription: ‘Complete with Gs paraite; eyatenia): . 

On the terminal caps or near the terminals, for the con- 
nection of external spark-safe circuits, a tag must be fixed 
with the inscription ‘Spark-proof circuits’. 

The grades of the hook-up conductors recommended for 
various conditions of the medium are listed in Table 52. 


CHAPTER ELEVEN 


SAFETY REGULATIONS 


11.1. Basic Rules for Operation with Radioactive Monitoring 
and Measuring Instrumentation 


1. It is allowed to use only sealed sources of radiation in 
monitoring and measuring instruments and apparatus. 
2. Instruments are allowed for installation and operation 
only after the conditions stipulated by the instructions sup- 
plied with the instruments have béen met. 
3. The organization that has received an instrument must 
notify the local sanitary inspection in a ten-day period. 
4. Test specimens of the instruments with radioactive 
isotopes may be tested on having obtained the permission 
of the local sanitary inspection. Precautions must be taken 
during the installation, which exclude the possibility of 
irradiation of persons not involved in the installation. 
5. Instruments and apparatus must be disposed or shiel- 
ded in such a way as to preclude radiation dosage in opera- 
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tor’s places higher than that permissible for persons not 
working with radioactive substances. 

6. Areas hazardous for people should be defined and provi- 
ded with warning labels and signs visible at a distance of 3 m. 

7. The dose rate on the instrument block surface should 
not exceed 10 mr/h, and at a distance of 1 m — 0.3 mr/h. 

8. When the instrument is cut off, the radiation beam 
must be blocked by the device specially provided in the 
instrument. 

9. Instrument blocks containing sources of radiation 
should be stored in protective enclosures. Used radiation 
sources are collected in special waste receivers. 

10. When necessity arises to extract aradiation source 
from a container, use should be made of a remote-handling 
tool. It is forbidden to touch the source with a hand. 

11. Instruments may be reloaded only by organizations 
having permissions from the local inspection services. 

12. When using stationary instruments with beamed 
tadiation, it should be directed, if possible, towards the 
ground or to the outer blank wall of the building, ensuring 
the adequate shielding. 

13. When sources of radiation are used in portable instal- 
lations, such as flaw detection apparatus and the like, the 
following requirements must be fulfilled: 

(a) radiation should be preferably directed towards the 
ground; 

(b) the time the people are present in the vicinity of the 
sources must be limited; 

(c) the sources must be kept away from the personnel at 
a maximum distance; 

(d) fencing, shields and warning signs must be provided. 

14. A specially appointed person must be assigned with 
the responsibilityfof checking how the rules for handling 
instruments with radioactive sources are observed. 


11.2. Basic Rules for the Protection 
of Respiratory Organs 


In the production of synthetic rubber, such substances as 
acetylene, aldehyde vapours, ethers, alcohols and the like, 
have a detrimental effect on the respiratory organs of the 
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personnel. This effect is as a rule narcotic. It causes the 
disorder of the central nervous system. The vapours of aldeh- 
yde and some other substances have an irritative effect on 
eyes and respiratory tracts. 

The first and basic safety rule on synthetic rubber plants 
is complete sealing of all the apparatus and pipelines. 
Pressure drop in the apparatus during an hour in accordance 
with its capacity must not exceed the following values: 


Capacity, | Pressure drop, % 
4000 4.00 


4000 to 3000 0.50 
Over 3000 0.25 


The second rule requires that ventilation must be provi- 
ded, which is the most important means of accident preven- 
tion and production sanitation. 

In the production of synthetic rubber, use is also made 
of individual means for protecting respiratory organs: 
namely, a filtering protective mask, hose-type oxygen bre- 
athing protective mask and an oxygen breathing protective 
device. 


Table 53 
Specially Designed Protective Masks | 
Mar- tificati . 
king Coin of {he box Medium 
Brown Vapour of organic substances, chlorine, 
nitric oxide 
Yellow Acid gases, vapours of acids, sulphur dio- 
xide, hydrogen chlorine, nitric oxides, 
hydrogen sulphide, hydrogen cyanide, etc, 
G Yellow and black} Mercury vapours 
E Black Hydrogen arsenide and hydrogen phosphide 
K Green Ammonia gas 
KD | Grey Ammonia gas and hydrogen sulphide 
M Red General-purpose (all gases and vapours) 


Sky blue Suiphur dioxide 
i Carbon monoxide 


RM 
ro) 
= 
inn 
= 
oO 
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Various types of industrial protective masks are used in 
petroleum processing plants. They are specially designed 
for protection from definite gases (Table 53). 


11.3. Conditions of Application of Cast-iron Fittings 
and Choice of Material for Gaskets 


Cast-iron fittings. The application of the cast-iron fittings 
in pipelines for petroleum and petroleum products is limited 
by the medium temperature of up to 200°C. 

The Gosgortekhnadzor (State Mining Technical Super- 
vision) of the USSR permits the use of cast-iron fittings on 
steam piping under certain definite conditions (Table 54). 


Table 54 
Conditions of Application of Cast-iron Fittings 
on Steam Pipelines 
f i Tempe- i 
Worklag pressure Tempers bev titat Working pressure| rature Ra 
of medium, i of m um, of me- 
Pa (ket/em2) | medium, aes rer] Pa (kef/em2) dium, even 


127 x 104 (43) 300 200 | 78x 104 (8) 150 600 

127 x 104 (13) 200 400 | 49x 104 (5) 300 500 

127 x 104 (13) 150 500 | 49x 104 (5) 200 1000 

78 x 104 (8) 300 300 | 24% 404 (2.5) | 300 500 
75 X 104 (8) 200 500 | 24x 104 (2.5) | 200 | Irrespec- 
tive of 


n 


Gaskets. They must feature sufficient strength at working 
temperature, which excludes the possibility of pressing the 
gasket out under the pressure of the medium, and enables 
its repeated use. The gasket must be chemically insoluble 
and non-corrosive under service conditions. Data on the 
materials for gaskets are presented in Table 55. 
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Table 55 


Characteristics of Materials for Gaskets 
er a 


ana 

rature i 

Beant Working medium of me- ea re 

dium, 

Aluminium Steam! 300 | 196 x 104 (20) 
Petroleum, oil 300-400} 980 x 104 (100) 

Asbestos Combustible gases 450 419 x 104 (2) 

Asbestoscement | Steam, gases and liquids 300 | 980 x 104 (100) 

with copper non-corrosive to copper 

coat 

Commercial Water, petroleum, oil 40 98 x 104 (10) 


oiled cardboard 
Calcined cup- | Steam, gases and liquids | 200 |3960 x 104 (400) 


rite non-corrosive to copper 300 | 980 x 104 (100) 
Paronite Liquefied and gaseous oxy- | —182 24 x 104 (2.5) 
gen 


Light petroleum products 200 | 245 x 104 (25) 
Petroleum, heavy petroleum| 200 | 624x 104 (64) 


products 
Water, steam 200 | 624 x 104 (64) 
Polyvinylchlo- | Acids, gasoline 60 | 396 x 104 (40) 


ride 
Rubber with Water and liquids non-cor- 60 | 157 x 104 (16) 
canvas pad Tosive to rubber 


Solid rubber Water, air 40 98 x 104 (10) 
Same Vacuum 40 _ 

Lead Acids — 19 x 104 (2) 
Armco iron, Steam, water 425 | Not limited 


1Kh13 steel 

Austenitic chro-| Water, steam, petroleum 510 | Same 
mium-nickel products 

steel 1Kh18N9 


CHAPTER TWELVE 


SAMPLING SYSTEMS 


In modern process control and monitoring systems use is 
made of automatic quality analyzers. 

A sampling system is a connection link between the 
process and analyzer. In designing sampling systems, of 
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special concern is sample handling from the process stream 
to the analyzer without changing its composition, and sample 
conditioning for the analysis. 

For the sample composition to be strictly invariable and 
representative, i.e., correspond at any instant to the compo- 
sition of the process stream, the place of sampling must be 
properly selected, especially when accurate analysis results 
are an objective. 

To determine the composition of a product, a sample 
must be continuously fed from the process stream to the 
analyzer. A system in the form of a by-pass of the main 
pipeline meets these requirements most fully. 

The sampling system is often considered as a separate sys- 
tem attached to the analyzer. Actually, the process, sampling 
system and analyzer are an integral whole. 


12.1. Requirements to Sampling Systems 


To ensure a continuity of the process-analyzer system through 
a connecting link (a sampling system), the following require- 
ments are imposed on a sampling system: 

1. Asample must be drawn from the most important part 
of the process and be descriptive of the process conditions. 

2. Asample must be conditioned prior to being admitted 
to the analyzer, namely, it must be made homogeneous, fil- 
tered, dried, cleaned from condensing substances which may 
precipitate in the sampling arrangements, evaporated (if 
necessary for each particular case), chemically purified 
from corrosive substances. 

3. The supply of a calibration gas or carrier gas to the 
analyzer must be controlled. 

4. The preceding sample must be withdrawn prior to 
making an analysis. It is recommended to purge each instru- 
ment (a common air header allows several instruments to be 
purged simultaneously). For purging, use may be made of 
manifolds which are a system capable of switching over 
streams with controllable pressure. They often meet the 
conditions of sampling, but usually make it rather compli- 
cated. 

5. Sample flow rate must be carefully controlled, and 
sample pressure be kept constant. 
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6. The sample stream temperature must not vary. To 
avoid condensation of gaseous mixture samples or to main- 
tain constant the temperature of liquid petroleum products, 
sampling systems must be traced, and to lower the tempera- 
ture they must be cooled. 

7. The analyzer must be sufficiently responsive to small 
variations of the composition in a sampling point, i.e., the 
time of the transport lag must be brought to a minimum. The 
time of filtering, drying, passing of the sample through the 
sampling line determines the overall response of the system. 

8. To remove the sample remnants of the preceding analy- 
sis from the ‘dead’ sections of the system when a single ana- 
lyzer monitors several identical process streams, the system 
must be purged in a reverse direction. 

9. Asample must be drained to a container or atmosphere 
after being analyzed to avoid distortions due to a pressure 
drop at the outlet from the analyzer. 

10. The line of gas exhaust to atmosphere must not suck 
air to avoid sample composition distortions, and hence dis- 
tortions of the analysis results. 

11. The sampling system must be simple in design and 
convenient in operation. 

12. The time of analysis must be minimal, which is one 
of the main qualities of the system. 

To keep the sample flow rate constant, flow rate control- 
lers (most often rotameters) are installed in the system. 

Pressure variations in the stream and variations of atmos- 
pheric pressure are the cause of distortions of a quality analy- 
zer reading. Therefore, pressure control in the system is of 
particular importance. 

The flow rate control must ensure a laminar movement of 
the working medium to the analyzer. A distance and a time 
lag are allowable provided that no ‘dead’ zones are formed, 
i.e., areas with stagnant liquid causing variation of product 
composition. 

A sampling system is constructed of separate elements, 
and each time it is built up of various elements or their 
combinations depending on the nature of a medium and 
other conditions. 

In streams approximating saturated streams, pressure 
should not be changed too abruptly to avoid condensation. 
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The process stream pressure must sometimes be increased 
or reduced to a level necessary for the analyzer. Special 
reducing devices, controllers and exhaust valves are installed 
for the purpose. 

Pressure variations in the line and atmospheric pressure 
variations bring about false readings of infrared analyzers, 
where a correction for density has to be introduced, and of 
chromatographs, where sample flow rate is to be changed. 

To preclude these effects, absolute pressure regulation 
should be of particular concern. 

Special precautions must be taken when mounting the 
systems outdoors as in this case they are strongly affected by 
whether conditions. 

The installation of temperature monitoring systems makes 
it possible to avoid overheating of rubber diaphragms and 
valve sealings, and also freezing of valves and controllers. 

Heating steam lines must also embrace side lines. And here 
care should be taken that a sample passing through flow 
controllers and batchmeters preserves its phase, for instance, 
it is necessary to see that part of the vapours does not con- 
dense, and thus vary the sample composition. 

If a heating steam line brings about coking in the main 
lines, it should be placed in an ancillary isolating line for 
the coke to precipitate on the external part of the pipes to 
be easily removed therefrom. 

Objectionable impurities are removed from the stream 
chemically or by filtering. 

In the first instance, the driers are preferably mounted 
downstream of a by-pass line not to extend the system. 

Evaporators, condensers and other elements of the sampl- 
ing system require accurate temperature control. 

Sudden appearance of a considerable mass of condensed 
substances produces a latent thermal effect conducive to 
overloading the temperature control apparatus. 

A flow control system must ensure smooth movement 
of the sample stream to the analyzer with an allowable 
time and distance lag. 

In the installations where an analyzer monitors several 
streams interconnected through a common manifold, there 
exists the possibility of pressure pulsations and contamina- 
tion of one stream with another. 


. CH. 13. AUTOMATIC DRYING INSTALLATION UOV-B 239 


The continuity of the simple flow is achieved through 
switching the provision of taps on the by-pass line ahead 
of the manifold. 

After the system has been tested for the liquid leaks, 
all the system elements should be thoroughly dried. 

The flow is set and controlled by the pressure difference 
arising in a system of carefully selected restrictions. 
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AUTOMATIC DRYING INSTALLATION UOV-B 


Automatic drying installation UOV-B is intended for drying 
without heating of compressed air used for the supply of 
instruments, controllers and actuators in pneumatic control 
and monitoring systems of common-type industrial design. 

The operation of the UOV-B installations is based on the 
method of short-cycle adsorption drying of compressed air 
without heating. 

The method resides in that humid compressed air is alter- 
nately passed from the bottom upwards through a sorbent 
layer in one of the cyclically switched adsorbers. Recovery 
of the moistened sorbent is effected through a counter-current 
purging of it to atmosphere by a stream of the dried air pre- 
reduced to a pressure approximating the atmospheric. The 
adsorbers are switched from the drying operation to sorbent 
recovery and back in short time intervals insufficient for the 
water vapours equilibrium to be established between the air 
and the sorbent. Low relative humidity of the purging air 
ensures high drying potential of the moistened sorbent layer 
during the recovery. Volume flow rate of the purging air 
somewhat exceeds the volume flow of humid air supplied for 
drying. The amount of dried air supplied to a consumer is 
determined from the relationship 


G=G.(1—K, pit pitt.) kg/h 


where Gg = ee of ambient air supplied for drying, 
kg/h 


WOIzeT[eISUL F-AON ey} Jo uoryeredo Jo epdroutd “79 “314 


UG ality UOTDLIO UI G aut? UO“DIIAD 


UW Ly UolpoINp aug 


(2. 0£+ 1000 2U100 map) 
‘WD SYDL=q 
bu Ip 101 110 Jef 


(Do06+ 1000 gu100 map) AlIYISOWID 02 


-wo'sgol=¢ buvhsp 410f 110 Jaf Wop 110 Dubin 


2099108 
POLIS 


OupLp 110 Jay 


SUIDU 02 
(I,09-jUI00 Map) lUljD 89D, =qf 41D Pag 


CH. 13. AUTOMATIC DRYING INSTALLATION UOV-B 241 


Paes and P,g, = desorption and adsorption pressures, res- 
pectively, at 


K, = purging air excess ratio 
Va 
Kee es 
e Vads 


where Vag, and Vz,, are the volumes of humid and purging 
air passing through the adsorbers 
during the adsorption and desorption 
stages, respectively, m°. 
The quality of drying compressed air is improved with 
a higher excess air ratio. Efficacy of the drying installations 
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Fig. 65. Schematic diagram of the UOV-B installation 


without heating increases with increasing pressure as the 
amount of purging air required for sorbent recovery is reduced 
in this case. 

The operating principle of the UOV-B drying installations 
is illustrated in Fig. 64. 

The equipment of the installation and its modifications 
are shown in Fig. 65. 

The UOV-B automatic air drying installations without 
heating include a moist-air receiver, MAR, a heat exchanger 
(condenser), an air conditioner, AC (incorporating a water- 
oil separator, WOS, and an oil filter, OF), an air drying 
unit, ADU, and a dried air receiver, DAR. 

Modifications of the installations and the component 
units are given in Table 56. Their capacities as regards 
humid and dried air are listed in Table 57. 
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Table 56 


Heat exchanger 

(condenser) type 

3 according to “ 

Installation NIKhIMMASh Air condi- | Air drying ten 
ype normal ‘Shell- ioner t unit t 

and-tube general- oe yPe lost 5028-59 

purpose heat 

exchangers’ 


UOV-B-0.5 | TP-103-31-003 | BPV-0.5 BOV-B-0.5 V-0.5 


UOV-B-1 TP-103-31-006 | BPV-1 BOV-B-1 V-0.5 
UOV-B-3 TP-103-31-009 | BPV-3 BOV-B-3 V-0.5 
UOV-B-5 TP-103-31-012 | BPV-5 BOV-B-5 v-1 

Table 57 


Working pressure in Pa (kgf/cm2) 
39(4) | 4905) | 58(6) | 69(7) | 78(8) 
Capacity as regards humid air in nm3/h 


Installation 


Capacity as regards dried air in nm3/h 
i A 


UOV-B-0.5 ees oa a oF 50 


Note, The UOV-B-1 and UOV-B-3 installations are not turned out at present 
py the ‘Kurgankhimmash’ works (USSR). Instead, the works produces 
the UOV-B-2 installation including heat exchanger (condenser) TP-103- 
nee air conditioner BPV-5, air drying unit BOV-B-3 and two recei- 
vers V-(.5. 
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CHAPTER FOURTEEN 


AUTOMATIC CONTROLLERS. 
BASIC DEFINITIONS AND TERMS 


An automatic controller is an automatic device responding 
to changes in the physical quantity most representative of 
the controlled process, and controlling a manipulated vari- 
able to maintain it at its set-point value or to change it to 
a preset program. 

A controlled quantity (variable) is a physical quantity 
(say, temperature, level, flow rate) chosen to represent the 
controlled process, whose value a controller maintains con- 
stant or causes to change in a predetermined fashion. 

A controlled medium is a substance present in or flowing 
through the controlled process or plant and acting directly 
or indirectly on the sensing element of a controller. 

A controlled plant or process is that in which an automatic 
controller maintains the controlled variable at its set-point 
value. 

An automatic process control system is a closed-loop system 
intended to perform a purposeful action, made up of control 
and monitor means and interacting with the controlled 
plant or process. 

A disturbance is an external action independent of the 
processes taking place in an automatic control system and 
causing the controlled variable to depart from its set-point 
value. 

A state of equilibrium is a state of an automatic control 
system in which the controlled variables are maintained at 
their set-point values, in the absence of disturbances and 
with the final control elements stationary. 

The deviation of a controlled variable is the difference 
between its values during a transient and under conditions 
of the steady state which terminates the transient. 

The set-point value of a controlled variable is that value 
which should be kept constant or varied in time to a prede- 
termined program. 

The proportional band is the range of values of a signal 
at the input to a controller element, which brings about 
a maximum change in the output signal. 

16* 


244 INSTRUMENTATION MANUAL 


The range of flat response is the range of values that the 
controlled variable should take to cause the final control 
element to move from one extreme position to the other. 

The internal transient departure from flat response is 
a departure corrected by the controller in the course of 
operation. : 

The range of control action is the range of changes in the 
set-point value of the controlled variable allowed by the 
controller. 

The dead band of a controller is the sum of the maximum 
absolute values of the positive and negative departures of 
the controlled variable that do not cause the controller to 
operate. 

A sensing element is the element of a controller immedia- 
tely affected by the controlled variable converting the effect 
to an equivalent quantity defined by the sensing method 
adopted. 

A measuring device is that part of an automatic controller 
which measures the departure of the controlled variable 
from its set-point value and causes the controller to produce 
a suitable corrective signal. 

The control element of a controller is that part which 
tesponds to the signal from the associated measuring element 
and controls supply of auxiliary energy to an actuator either 
directly or via an amplifier. 

A set-point device or a set pointer is a device with which 
an automatic controller is adjusted to maintain a predeter- 
mined value of the controlled variable. 

A stabilizer is that part of an automatic controller which 
maintains the stability of the automatic control system. 

Feedback is a method and/or device which feeds output of 
a succeeding element in an automatic control loop to a pre- 
ceding element. 

Unity feedback is the form of feedback with which the out- 
put fed back depends solely on the output signal and is inde- 
pendent of time. 

Variable feedback is a form of feedback where output is 
fed back only during a transient and ceases when the tran- 
sient dies away. 

A derivative controller is a device which generates a cor- 
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rective action proportional to the rate of change of the input 
signal proportional to the controlled variable. 

A sampler periodically opense and closes a contro] loop 
in an automatic control system. 

A position relay is a unity-feedback amplifier (coupled 
to the control rod of a final control element). 

An actuator (a servomotor) is a device which actuates 
a final control element in response to the control clement of 
a controller. 

A final control element is a device directly varying the 
amount of substance or energy in the controlled process. 

An actuator-final control assembly is a combination of 
an actuator and a final control element. 

Reset action time is the time necessary for a proportional- 
plus-integral (PI) controller to restore the controlled variable 
to its set-point value after a step change and at a constant 
recovery rate observed at the initial instant. 

Servomotor time is the time necessary for a servomotor 
to complete a full stroke as its output device is moved at 
maximum rate. 

Derivative action time is the time interval proportional 
to a change in the difference in time between arrival of sig- 
nals at the output and input of the derivative term of a cont- 
roller. Derivative action time depends on the rate of change 
of the input signal. 


14.1. Classification and Characteristics 
of Automatic Controllers 


A direct-action controller moves the associated final cont- 
rol clement whenever the controlled variable departs trom its 
set-point value, using energy conveyed from the controlled 
process to the sensor of the controller. 

An indirect-action controller moves the associated final 
control element, using energy supplied by an external source. 

In terms of energy used from an external source, indirect- 
action controllers may be classed into electric, hydraulic, 
pneumatic and combined (electrohydraulic, electropneuma- 
tic, etc.). 

In terms of control action, automatic controllers may be 
classed into 
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(1) sampling controllers which operate in conjunction 
with samplers in the sensing, control and servomotor loops; 

(2) continuous controllers in which all elements apply 
a continuous corrective action whenever the controlled vari- 
able departs from its set-point value; 

(3) constant-rate controllers in which the rate of change 
of corrective action remains constant in magnitude, while 
its sign depends on that of the departure under equilibrium 
conditions; 

(4) variable-rate controllers in which the rate of change 
of a corrective action varies according to the departure of 
the controlled variable from its set-point value under equil- 
ibrium conditions. 

By the form of corrective action, automatic controllers 
may be classed into 

(1) positioning (on/off, three-position) controllers in which 
the corrective action applied to the actuator can take on 
a finite set of discrete values corresponding to the finite 
set of deviations in the controlled variable from the set- 
point value, and the direction in which the final control 
element moves is determined by the sign of the deviation; 

(2) proportional controllers, or controllers with an offset, 
maintain the controlled variable whose value under equilib- 
rium conditions depends not only on the set-point value, 
but also on load or the position of the final control element; 

(3) integral (reset or floating) controllers restore the 
controlled variable to its set-point value irrespective of 
load and the setting of the final control element; 

(4) proportional-plus-integral and (PI) controllers or con- 
trollers with nonunity feedback, combine, as their name 
implies, proportional and integral control action to restore 
the controlled variable to its set-point value irrespective of 
load or the setting of the final control element; 

(5) rate or derivative controllers generate a corrective 
action proportional to the rate of change of the controlled 
variable. 

Depending on the quantity controlled, automatic control- 
lers may be classed into pressure controllers, vacuum con- 
trollers, temperature controllers, flow-rate controllers, level 
controllers, humidity controllers, specific-gravity control- 
lers, pH controllers, etc. 
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CHAPTER FIFTEEN 


AUXILIARY MATERIALS. 
TOOLS FOR INSTRUMENTATION UPKEEP 
AND INSTALLATION 


15.1. Auxiliary Materials 


The instrumentation mechanic often has to use various 
cements. They are needed when assembling instruments to 
ensure tightness of vessels and to mend cracked glassware. 

Mendeleev’s cement. Composition: 8 parts by mass of 
yellow wax, 30 parts by mass of rosin, 10 of mummy or 
pumice, 1 of flax oil. 

Method of preparation: 8 parts (by mass) of wax is melted 
in a metallic cap while slightly heated, and 30 parts of rosin 
powder are added in small lots to the melted continuously 
stirred wax; the mixture is heated at 150 to 200°C until 
the turpentine smell has disappeared, then 10 parts of 
calcined screened mummy are added and heating proceeds 
till a complete blend is obtained; after that 1 part of flax 
oil is added; the melted mass is poured in a mould where it 
solidifies. Mendeleev’s cement softens and melts when hea- 
ted, it is used in a melted state. 

Soluble glass is used as a cement separately or in the 
mixture with asbestos or other fibrous substances, and with 
chalk powder. An adequate cement in the form of a pasty 
mass is obtained when mixing fine sand, fibrous asbestos, 
magnesia and concentrated soluble glass. 

Laboratory wax is obtained by adding from 2 to 5% of 
turpentine or vegetable oil to melted wax. 

Sealing waz is a very strong ready-made cement. Melting 
point of the sealing wax is somewhat higher than 100°C. 

Solution of celluloid in acetone. Prior to use the cemented 
surfaces must be rubbed with acetone. 

Collodion is a ready-made cement widely used in assem- 
bling various instruments. 

Wrought temperite alloys. When soldering small parts 
made of metals with a low melting point, use is made of 
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Rose’s alloy (melting point is 94°C) and Wood’s alloy 
(melting point is 65°C). 

Rose’s alloy consists of 2 parts (by mass) of bismuth, 
1 part of tin, 1 part of lead. 

Wood’s alloy consists of 10.4 parts (by mass) of bismuth, 
10.3 parts of lead, 6 parts of tin, 4.5 parts of cadmium. 

Paste for greasing glass plugs. Equal parts of vaseline 
and paraffin or ceresin are fused and then filtered off while 
hot through a clean cloth. 

Protective layer for pickling of glass. To make an inscription 
on glass, it is coated witha protective layer of wax or paraf- 
fin, or which is the best, a mixture of the following composi- 
tion (in parts by mass): white wax — 4, mastic — 2, asphalt — 
1, turpentine — 14. 

Then the required inscription is made on the protective 
layer with a needle, and this place is wetted by means of 
a small brush with hydrofluoric acid. In several minutes 
pickling with the acid terminates, the glass is washed with 
water and rid of the protective layer by heating. 

Vapours of the hydrofluoric acid are very poisonous, the- 
refore pickling should be carried out in an exhaust hood. 

Paint for the inscriptions on glassware. The composition in 
parts (by mass) is: soluble glass 30° Be is 12, distilled water 
is 15 to 18, barium sulphate is 10, silicic acid is 1. 

To obtain silicic acid, soluble glass is treated with 
hydrochloric acid, washed, dried and disintegrated. Into 
the mixture thus obtained are added ultramarine, minium or 
other dyes depending on the desired colour. 


15.2. Tools for Instrumentation Upkeep 
and Installation 


Individual instrumentation mechanic’s tools include watch- 
maker’s straight and curvilinear forceps, watchmaker’s 
screwdrivers of various size, mechanic’s screwdrivers of 
various sizes, watchmaker’s flat pliers, round pliers, wire 
cutters, a watchmaker’s hammer, a watchmaker’s magnifying 
glass, a scroll saw for metal, side cutting nippers, a set of 
needle files of various profiles, bristle brushes, shunk 
brushes, drifts of various sizes, a screwdriver for slit nuts, 
a set of engraving tools for watchmaker’s turning lathe, 
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electrical and simple soldering bits, a set of hack saws of vari- 
ous sizes, watchmaker’s wooden hammer, a metallic ruler, 
a micrometer of up to 50 mm, a caliper of up to 200 mm, 
burnishing tools for cores, a hand drill of up to 6 mm, 
a set of twist. drills of up to 6 mm, a set of taps and dies of 
upto5mm, conductors for instrument connection, a whetsto- 
ne of the ‘India’ type, a whetstone of the ‘Arkansas’ type, 
a 50-power microscope, a d.c. voltmeter of up to6 V, a labo- 
ratory spirit lamp, a watchmaker’s anvil. 

When mounting instruments and automatic control 
means in petroleum processing industry, use is made of 
mechanic’s, electrical mounter’s, welder’s, measuring tools 
and various other appliances and means. They include means 
for bending syphon tubes for manometers, portable appli- 
ances for bending steel tubes and tubes of non-ferrous metals 
of 10 to 16 mm in diameter, means for flanging tubes of non- 
ferrous metals of 6 to 12 mm in diameter, appliances for 
reaming tubes of 15 to 60 mm in diameter, plate shears, 
a device for cutting cables of all grades of a diameter up to 
35 mm, an appliance for drawing wires into pipes and so on. 

The basic mounting materials, instruments and equip- 
ment are to be inspected, checked and tested prior to use. 

Cables must be inspected and tested for the integrity of 
the strands and insulation condition. Pipes, particularly 
weld pipes, are put to maintenance inspection. The inner 
surface of the pipes is cleaned from dirt and scale. 

The shut-off fittings are inspected and tested for tightness 
by pressing. Pressure alarm, velocity and volumetric flow 
meters, differential-pressure gauges, diaphragm- and bel- 
lows-type level relays are put to hydraulic-pressure and 
pneumatic tests. Pressure must be applied to the instrument 
in such a way as not to damage their primary elements. 

The preliminary acceptance procedure includes the fol- 
lowing. It is found whether the technical characteristics of 
instruments and automatic control means are in agreement 
with the certificate data and design specification. The in- 
struments and control means are checked for completeness, 
and the manufacturer’s and Gosstandard’s brands, for vali- 
dity. The final acceptance procedure includes the checks on 
the operation of the moving parts, insulation resistance, 
voltage at the terminals of electronic units and so on. 
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Appendix 


Factors and Prefixes for Obtaining Decimal Multiples 
and Fractional Units and Their Designation 


Prefix 
Factor 
designation | abbreviation 
4,000 ,000 ,000 ,000 = 1012 tera T 
4,000 ,000 ,000 = 109 giga G 
4,000 ,000 = 106 mega M 
1000 = 103 kilo k 
100 = 102 hecto h 
10 = 10! deca da 
0.1= 10-1 deci d 
0.04 = 10-2 centi Cc 
0.001 = 10-3 milli m 
0.000,001 = 10-6 micro po 
0.000 ,000 ,004 = 10-® nano n 
0.000, 000,000,004 = 10-12 pico P 


Relationships Between Various Temperature Scales 
4°C = 1.8°F (Fahrenheit) 
41°F = 0.556°C 
41°C = 1K (Kelvin) 
Temperature conversion from one scale to another 
t= T — 273.15 = 5/9 (f — 32) 
T =t-+ 273.15 = 5/9f + 255.37 


where ¢ = Celsius temperature 
T = Kelvin temperature 
f = Fahrenheit temperature 


Temperature Corrections for Barometric Pressure 


If a petroleum product is distilled at a barometric pressure above 
10.24 x 104 Pa (770 mm Hg) or below 9.8 X 104 Pa (740 mm Hg) 
then correction C calculated from the Sidney—Young formula is 
introduced into temperature ¢ indicated by the thermometer: 

C = 0.00042 (760 — p) X (273 + t) 


where p is the actual barometric pressure. 
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Approximate temperature corrections for barometric pressure 
are as follows: 


 — 
Corrections*, °C, Corrections*, °C, 
for 1333 Pa for 1333 Pa 
(10 mm Hg) diffe- (140 mm Hg) diffe- 


Temperature rence between Temperature rence between 
range, °C 10.1104 Pa range, °C 10.14x104 Pa 
(760 mm Hg) and (760 mm Hg) and 
actual baromctric actual barometric 
pressure pressure 
10-30 0.35 190-210 0.57 
30-50 0.38 210-230 0.59 
50-70 0.40 230-250 0.62 
70-90 0.42 250-270 0.64 
90-140 0.45 270-290 0.66 
110-130 0.47 290-310 0.69 
130-150 0.50 310-330 0.71 
150-170 0.52 330-350 0.74 
170-190 0.54 


* Correction is added if barometric pressure is below 9.8x104 Pa (740 mm 
Hg), and is subtracted if it is above 10.24x104 Pa (770 mm Hg). Within the 
barometric pressure from 9.8x104 Pa to 10.24x104 Pa (740 to 770 mm Hg) 
the corrections are not introduced. 


Vapour Pressure for Various Substances at 20 °C 
[in Pa (mm Hg)] 


Acetone ..... sais 23,505 (185) 
Gasoline ......... 9912 (74.6) 

Bromine ......... 22 876 (4172) 
Sulphur dioxide... ... 338 x 108 (2.4 x 105) 
Hydrogen sulphide ... 1883 x 108 (44 x 105) 
Carbon bisulphide ..... 39,634 (298) 
Isoamyl alcohol ..... 305 (2.3) 

Methyl alcohol 7 ..... 11,710 (88.7) 

Ethyl alcohol 1... .. 5505 (44.5) 

Acetic acid ...... » 1703 (41.6) 

Carbon dioxide ...... 5719 x 108 (42.9 x 108) 
Chloroform ........ 22,443 (161) 

Carbon tetrachloride . 11,103 (91) 

Ethyl acetate .,..... 9709 (72.8) 


Ethyl ether... .,. 


58,520 (440) 
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Resistivity of Some Metals 
(in pohms cm at 20°C; temperature coefficients at 20°C) 


252 
Resisti- | Temperature 

Metal vity coefficient 
Aluminium 2.82 0.0036 
Bismuth 120 0.0040 
Tungsten 5.5 0.0052 
Tron 9.8 0.0050 
Gold 2.42 0.0036 
Invar 78 0.9020 
Tridium 6.45 0.0037 
Cobalt 5.7 0.0055 
Constantan 49 0.00001 
Brass _ appr. 8 | appr. 0.0014 
Magnesium 4.46 0.0039 
Manganine ape appr. 0.00001 


Copper 

Molybdenum 5.6 
German silver] appr. 28 
Nickel 7.24 


-00 
appr. 0.0003 
0.0054 


Resisti- | Temperature 
Metal vity coefticient 
Nichrome appr. 100 0.0004 
Tin 11.4 0.0044 
Palladium 10.7 0.0036 
Platinum 10.5 0.0027 
Platinoid appr. 38 | appr. 0.00028 
Mercury 95.77 0.00089 
Lead 20.63 0.0040 
Silver 1.62 0.0036 


Alloyed steel | appr. 45 | appr. 0.0015 


Mild steel appr. 15 | appr. 0.0033 
String steel | appr. 12 | appr. 0.0032 
Antimony 42 0.0038 
Tantalum 15.5 0.0031 
Phosphorus 

bronze appr. 8 | appr. 0.0035 
Zinc 5.92 0.0935 


Seale of Electromagnetic Waves 


Type of electromagnetic 


waves 


Radio waves: 
long... 
medium . 
short .. 

Infrared rays: 
far ... 
near. . 

Visible light: 
red ... 
orange. . 
yellow. . 
green. . 
blue. 
violet . . 


Ultraviolet rays 


X-rays: 
soit... 
hard .. 

Gamma rays 

Cosmic rays 


Wavelength range, cm 


10® to 10° 
104 to 10° 
102 to 4104 
108 to 10-2 2 
7.5x10-5 to 10-3 
6.5 x 10-5 to 7.5 x 10-5 
5.9 x 10-5 to 6.5 x 10-5 
5.3 x 10-5 to 5.9 x 10-5 
49 x 10> to 5.3 x 10-5 
‘4.2% 10 to 4.9 x 10-5 
40 x 10 to 4.2 x 10-5 
- 4.8-5 to 4.0 x 10-5 
140-8 to 2.0 x 10-? 
1Q-° to 10-8 
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Absorption column, 137 
Actuator-final control assembly, 245 
Actuators, 202, 245 
Air flow controller, 62 
Analog elements, 175, 176 
Analyzers 
commercial automatic, 127 
flash point, 134 
gas, 139, 154 
colorimetric, 151 
photoelectric, 151 
laboratory semiautomatic, 127 
liquid, 159 
infrared automatic, 159 
scintillation, 160 
of phenol, 131, 135 
of water content, 135 
physical properties, 127 
sulphur, 
Authenticity of measurement, 14 
Automatic factory management infor- 
mation system, 201 
Automatic industry management in- 
formation system, 201 
Automatic process control system, 
200, 243 


Balanced bridges, 95 
automatic electronic, 102, 104, 105 
indicating, 106 
recording, 106 

Boiling of a petroleum product, 129 


Calibration, 12, 18-22 
Calibration test, 19 
Checking mechanism, 87 
Chromatographic column, 144 
packing of, 147, 150 
Chromatographs, 139, 238 
commercial, 139, 4144, 145 
adjustment of, 145 
Class of accuracy, 12 
Colorimeter 
automatic, 131, 136 
photoelectric, 136 
Colour, 128 
Comparison elements, 179, 183, 184 
Completeness of information, 16 
Compound gauges, 25 
bellows-element, 30 
diaphragm-element, 34 
laboratory, 26 
with a standard output signal, 28 
Computers 
data processing, 195 
data processing control, 195 
diagital, 194 
of centralized control, 26, 69, 89, 
4174, 194 


Condensing chambers, 73, 78 
Constant of a measuring instrument, 12 
Continuity of information, 
Control 
multiloop, 196 
on-off, 196 
single-loop, 196 
Control algorithm, 195, 200 
Control gate valve, 215, 219 
Control valves 
diaphragm-type, 202, 213 
Controlled medium, 243 
Controlled plant or process, 200, 243 
Controlled quantity, 243 
Controlled variable 
deviation of, 243 
set-point value of, 243 
Controller 
automatic, 243 
constant-rate, 246 
continuous, 246 
dead band of, 244 
derivative, 190, 244, 246 
with anticipatory lag action, 190 
with anticipatory lead action, 190 
direct-action, 245 
indirect-action, 245 
integral, 246 
on-off 
with an adjustable dead band, 189 
positioning, 246 
proportional, 189, 246 
proportional-plus-integral, 189, 246 
rate, 246 
sampling, 245 
variable-rate, 246 
Correction, 13, 22 
Counter 
local-reading, 82 
Credibility of data, 16 


Densitometers, 136, 145 
Densitometric detection system, 140 
Derivative action, 245 
Detector 
densitometric, 141, 142 
Diaphragm actuator, 205 
Diaphragm-type breathing valve, 45 
Diaphragms 
protecting, 44 
Digital elements, 175, 184 
Disturbance, 
Dividers, 176 
Draught gauges 
diaphragm-element, 34 
differential, 36 
Drying installation, 239 
Durability, 
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Electron oscilloscopes, 115, 117 


rror 

absolute, 21 

basic indication, 21, 35, 94 

basic permissible, 48 

complementary, 21, 76, 152 

definition of, 12 
Explosion hazards, 221 
Explosive mixtures, 223 
Evaporation, 129 


Faults 
dependent, 17 
independent, 17 
Feedback 
unity, 244 
variable, 244 
Final control element, 245 
Flash point, 128 
Flow meters 
gasoline, 51 
liquid, 50 
pressure-related, 48 
rotating lobe, 53 
turbine-type, 48 
velocity, 48 
volumetric, 50 
water, 48 
Float, 57, 84, 91 
plumb-bob, 84 
Flow nozzle, 75, 77 
Fractional composition, 129 
Fractional distillation, 129 


Gas flow controller, 60, 153 


Head gauges, 34 
Hydrogen ion concentration 
determination of, 169 


Internal transient departure from 


flat response, 244 


Katharometers, 145 


Laboratory wax, 247 
Level gauges, 82, 83 
Level indicator 
electronic, 93 
Level measurement, 81 
Limits of the instrument range,. 12 
Liquid-level measuring instruments, 81 
float-type, 88 
scale-free, 88 


Maintainability, 15 

Measurement 
definition of, 11 
direct, 12 
indirect, 12 


Megohmmeters, 115 
Melting point 
measurement of, 166-169 
Memory cells, 181, 186 
Mendeleev’s cement, 247 
Metrological inspection, 13 
Metrology 
definition of, 11 
Millivoltmeters, 110 
automatic, 1114 
Minimum concentration detected, 139 
Minute flow rate actuator, 207, 241 


Orifice plate, 60, 75 


pH number, 170 

pH-meter, 170, 174 

Pitot tube, 75, 77 

Pneumonic pushbutton, 181, 186 

Pneumonic resistors, 176 

Pneumonic toggle switch, 181, 18€, 
192, 193 


’ 
Position relay, 245 
Positioner, 205, 2411 
Potentiometers 
automatic, 96 
electronic, 95, 96 
indicating, 99 
multipoint, 100 
recording, 99 
single-point, 96 
spark-proof, 99 
Pressure gauges 
bellows-element, 30 
deformation-type, 23 
diaphragm-element, 34, 65 
with a standard output signal, 69 
differential-pressure, 65-68, 76 : 
differential-transformer, 28 
force-balance, 65 
for measuring extremely high pres- 
sures, 
indicating, 23 
laboratory, 26 
metal-diaphragm, 67 
recording, 23 
reference, 24 
with a standard output signal, 28 
Pressure regulators 
automatic, 41 
fuel-oil, 43 
direct-acting, 45 
Proportional band, 243 
Proportional-plus-integral control- 
ler with set-point 
device, 189 
Proportional-plus-integral ratio con- 
troller, 
NLD Oreo by the third variable, 


Proportional-plus-integral-plus-deri- 
vative controller, 190 


Radiation pyrometer, 98 
Range of control action, 244 
Range of flat response, 244 
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Ratiometer, 107 
Refractometer, 133, 137 
dipping, 133 
Relative density, 128 
Relay valve, ie 184 
Reliability, 14-18 
Repeatability, 13 
Repeater-power amplifier, 182 
Repeaters, 176, ee 193 
course, 181, 
with memory, a8, 182 
with shift, 176, "484 
Reset action fine? 245 
Restriction rlement: 60 
Restrictor, 
Rotameters, or 60, 153 


Safety regulations, 231 
Sampler, 
San for pneumatic transmitters, 


Sampling systems, 235 
Scale division, 13 
Sealing wax 245 
me eG 72 a 
iaphragm-type, 
Secondary instruments 
pneumatic, 191, 
Servomotor time,’ 245 
Set-point device, 179, 183, 244 
Solidification point, 128 
Soluble glass, 247 
Solution 
acidic, 170 
alkaline, 170 
neutral, 170 
Stabilizer, 244 
State calibration test, 14 
State of equilibrium, 243 
Synchro-receiver, 82 
Synchro-transmitter, 82 


Temperature controllers 
direct-acting, 124 
Thermocouples, 95, 96, 98, 110, 112 
Thermometers 
contact, 163 
expansion, 122 


liquid-filled, 122 
manometric, 95, 96, ay 122, 123 
resistance, 95, 96, 113 
vapour-pressure, 123 
Threshold sensitivity of a measuring 
instrument, 
Throttling device 
fixed, 
variable, 176 
Transducers 
Moat type density measuring, 129, 


unified GSP, 37, 41 
Transmitter 

induction-type, 86 

pneumatic, 1 
Transmitting unit 

electric, 57, 58 

pneumatic, 57 
Trouble-free performance, 15 


Unified variable-to-force transmitter 
electrical, 
pneumatic, 187 
Unified GSP system, 88, 187 
Uniformity of measurement, 14 
Uniformity of report forms, 16 


Vacuum gauges 
bellows-element, 30 
laboratory, 26 
reference, "2h 
with a_ standard output signal, 28 

Valve, 180, 185 

Vapour pressure, 129 

Vapour pressure detector, 133 

Venturi tube, 

Viscosimeter, 131, 132, 136 
capillary-type, ‘134, 164 
rotational, 164 
ultrasonic, 132 
vibrational, 164, 166 

Viscosity, 128 

Volt-ohm-mA-meters, 114 


Wrought temperite alloys, 248 


